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A  POPULAR  COURSE  OF  GEOLOGY. 

Introduction. 

Sir  John  Herschel  has  said  that  Geology,  in  the  magnitude  and  sub- 
limity of  the  objects  of  which  it  treats,  ranks  in  the  scale  of  the  sciences, 
next  to  Astronomy;  to  which  we  may  add,  that  it  will  ever  be  more 
generally  cultivated,  because  a  knowledge  of  it  is  more  easily  attainable. 
It  may  be  successfully  pursued  without  that  severe  preparatory  discipline 
of  mathematical  study  which  is  required  of  "the  votaries  of  astronomy, 
before  they  can  advance  even  to  the  threshold  of  her  temple.  In  making 
this  assertion,  we  by  no  means  deny  the  dependence  of  geology  on  the 
other  sciences;  we  admit,  on  the  contrary,  that  he  who  would  be  a  per- 
fectly accomplished  geologist,  ought  to  be  familiar  with  the  whole  circle 
cf  them.  He  ought  to  be  thoroughly  versed  in  mathematics  and  general 
physics,  in  order  that  he  may  know  what  are,  and  what  are  not,  sound 
data  on  which  to  found  his  inferences — he  ought  to  be  skilled  in  mine- 
ralogy, that  he  may  know  the  proximate  constituents  of  rocks.  Of  the 
general  results  of  chemistry  he  must  not  be  ignorant,  and  he  will  find  it 
a  great  advantage  to  be  expert  in  chemical  analysis.  The  organic  remains 
entombed  in  the  strata,  will  make  constant  demands  upon  him  for  a 
knowledge  of  zoology  in  all  its  branches,  and  in  particular  he  ought  to 
possess  such  an  intimate  acquaintance  with  those  nice  distinctions  which 
constitute  specific  differences  in  conchology,  as  of  itself  requires  the  study 
of  a  whole  life,  and  such  a  profound  knowledge  of  comparative  osteology, 
as  enabled  Cuvier,  from  the  examination  of  detached  bones,  to  remodel 
the  entire  skeletons  of  animals  of  unknown  genera:  such  is  the  harmony 
of  proportion,  the  adaptation  of  means  to  ends,  and  of  parts  to  uses,  which 
the  wisdom  of  the  Creator  has  manifested  in  the  structure  of  organic 
bodies.  The  geologist  ought  moreover  to  be  a  botanist  of  the  highest 
order,  and  in  the  most  extensive  sense  of  the  term.  He  ought  to  be 
able  not  merely  to  refer  a  plant  to  its  place  in  some  artificial  system,  by 
counting  its  stamina, — a  process  which  he  will  rarely,  if  ever,  have  an 
opportunity  of  applying  to  the  fossil  vegetation  of  former  worlds, — he 
ought  to  be  able,  from  the  examination  of  a  stem,  a  leaf,  or  a  seed-vessel, 
to  determine  the  natural  group  to  which  the  plant  belongs,  and  by  pointing 
out  its  habits,  to  throw  light  on  the  circumstances  under  which  the  stratum 
containing  it  was  deposited.  He  ought,  moreover,  to  be  a  good  draughts- 
man, and  a  skilful  practical  surveyor.  Acquirements  so  varied  and 
extensive  as  these  are  attainable  by  few,  and  yet  much  may  be  done  in 
geology  with  a  very  limited  proficiency  in  these  branches  of  knowledge. 
Without  a  very  profound  acquaintance  with  any  of  them  we  may  master 
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all  the  facts  of  the  science,  and  all  the  inferences  deducible  from  them, 
and  what  is  more,  we  may  be  qualified  to  institute  active  original  research, 
and  to  enroll  our  names  on  the  list  of  those  who  have  added,  by  their 
discoveries,  to  the  sura  of  human  knowledge, — for  geology  is  a  science  of 
observation.  It  is,  moreover,  a  young  and  advancing  science,  many  of 
whose  data  remain  to  be  collected,  and  in  the  collection  of  them  there 
are  few  who  cannot  assist.  When  we  know  about  a  dozen  of  the  most 
common,  simple  minerals, — when  we  can  recognise  their  combinations  in 
rocks, — when  we  know  the  techiiical  terms  of  the  science,  and  can  dis- 
tinguish crystalline  from  sedimentary,  stratified  from  unstratified  rocks, — 
and  when  we  know  the  order  in  which  the  strata  composing  the  earth's 
crust  succeed  each  other,  we  are  qualified  to  examine  nature  for  ourselves, 
and  to  study  geology,  where  it  is  best  studied,  in  the  field.  We  require  not 
the  expensive  observatory  or  laboratory  of  the  astronomer  or  the  chemist, 
— all  we  want  is  a  good  hammer,  and  a  strong  arm  to  use  it,  active  legs, 
a  quick  eye,  and  sufficient  common  sense  to  enable  us  to  reason  upon 
what  we  see.  For  the  rest  we  may  trust  to  the  assistance  of  our  fellow- 
labourers,  and  to  that  community  of  feeling  by  which  they  are  ever  ani- 
mated; for  geology  is  eminently  a  social  science,  and  the  great  and  rapid 
advances  which  it  has  made  within  the  last  few  years,  are  in  a  great 
measure  to  be  attributed  to  that  division  of  labour,  and  that  mutual 
co-operation  which  can  only  be  cff'ected  by  numbers  acting  in  concert. 
"  These  volumes,"  says  Mr.  Murchison,  speaking  of  the  Trafisactions  of 
the  Geological  Society  of  London,  "  must  ever  be  valuable  as  the  true 
records  of  our  scientific  progress;  but  great  as  may  have  been  the  acquire- 
ments of  their  authors,  few  indeed  are  the  memoirs  which  have  been 
completed  without  the  aid  of  other  distinguished  fellows  of  the  society, 
who,  each  in  the  branch  of  natural  knowledge  for  which  he  stands  pre- 
eminent, comes  to  the  assistance  of  his  wandering  associate,  and  enables 
him  to  clothe  his  memoir  in  an  appropriate  dress.  For  where  is  the 
working  geologist  who,  unassisted,  can  unravel  the  delicate  and  obscure 
complications  of  fossil  organic  structure?  Do  his  fossil  shells  require  to 
be  identified,  has  he  not  the  assistance  of  a  Sowerby?  and  if  these  types 
of  a  former  state  of  nature  call  for  a  comparison  with  existing  species,  is 
not  a  Broderip  ever  promj^t  in  affording  him  the  result  of  experienced 
discernment,  and  in  unfolding  the  riches  of  his  unrivalled  cabinets?  If 
he  meet  with  difficulties  in  the  determination  of  Mammalia,  are  not  a 
Mantell  and  a  Clifi"t  at  hand,  to  explain  their  relations  and  define  their 
characters?  Or  if  bewildered  in  the  obscurity  of  fossil  vegetation,  is 
he  not  assisted  by  a  Lindley?  Have  not,  in  fine,  a  Turner,  a  Prout,  a 
Faraday,  and  a  Herschel  been  willing  instruments  in  enabling  him  to 
explain  those  laws  of  chemical  change,  without  which  the  recondite  parts 
of  the  science  might  have  remained  in  utter  darkness?  Surely  every 
contributor  to  our  Transactions  will  acknowledge  with  gratitude  the  aid 
he  may  have  received  from  several  of  our  most  gifted  members,  who,  un- 
ambitious of  personal  fame,  have  been  contented  with  the  delightful  con- 
sciousness of  being  sure,  though  silent,  instruments  in  urging  on  the 
advance  of  truth.  It  is  this  kindly  principle  of  co-operation,  this  true 
latent  heat  of  the  Geological  Society,  so  ready  to  manifest  itself  on  every 
occasion  fitted  to  call  it  forth,  which,  warming  and  vivifying  our  endea- 
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vours,  gives  to  our  proceedings  their  consistency  and  their  strength,  and 
enabling  us  to  grapple  with  our  hundred-headed  science,  constitutes  the 
mainspring  of  our  prosperity''." 

If  geology  yields  to  astronony  in  the  sublimity  of  the  objects  of  which 
it  treats,  and  in  being  unable  to  bring  its  truths  within  the  pale  of 
mathematical  demonstration,  it  possesses  this  advantage,  as  a  science  for 
popular  study, — that  it  presents  them  to  us  in  a  more  palpable  shape. 
One  of  the  first,  and  hardest  lessons  which  we  have  to  learn  of  the 
astronomer,  is  to  discard  impressions  founded  on  what  we  deem  the 
evidence  of  our  senses.  Misled  by  these,  we  have  been  accustomed  to 
consider  the  earth  as  at  rest,  and  the  sun  as  making  a  daily  circuit  round 
it.  The  astronomer  demonstrates  the  contrary,  and  corrects  our  notions 
as  to  the  relative  size  of  the  celestial  bodies.  He  determines  the  figure 
of  the  earth,  and  the  form  of  the  orbit  in  which  it  moves,  and  ascertains 
the  velocity  of  its  daily  and  annual  motion.  He  determines  the  magnitude 
of  the  sun,  and  its  distance  from  us,  and  shows  us  other  planets  revolving 
round  it,  with  their  attendant  satellites,  and  obeying  the  same  laws 
which  regulate  the  motions  of  that  which  we  inhabit.  He  pushes  his 
discoveries  to  the  utmost  verge  of  the  visible  creation;  and,  by  the  aid  of 
powerful  optical  instruments,  resolves  those  twinkling  points,  which  we 
call  the  fixed  stars,  into  groups  of  sims  moving  roxind  each  other  in 
"  mystic  dance ;"  and  he  demonstrates  that  those  laws  of  gravitation, 
which  regulate  the  fall  of  bodies  on  the  earth,  are  universal  laws,  which 
are  obeyed  in  the  remotest  system  of  worlds  within  the  reach  of  mortal 
ken.  He  can  calculate,  not  only  the  motions  of  the  bodies  composing 
the  planetary  system,  and  point  out  their  relative  positions  for  any 
period  of  past  or  future  time,  but  he  can  predict,  within  a  few  hours,  the 
return  of  those  mysterious  wanderers,  whose  course  extends  into  the 
regions  of  space,  far  beyond  the  remotest  planet  of  our  system,  and 
whose  periodic  times  are  measured,  not  by  days,  but  by  years.  It  may 
be  well  said  that  in  all  this  there  is  an  overwhelming  sublimity.  The 
distances  treated  of  are  so  immense,  and  the  time  required  to  complete 
some  of  the  celestial  cycles  so  vast,  that  they  elude  the  grasp  of  our 
comprehension ; — we  may  talk  about  billions  and  trillions  of  miles,  and 
myriads  of  years,  but  we  have  scarcely  a  less  vague  conception  of  them, 
than  we  have  of  infinity  of  space,  and  eternity  of  time.  Geology,  on  the 
contrary,  appeals  directly  to  our  senses.  She  lays  open  the  ground  on 
which  we  tread,  and  convinces  us,  that  the  vast  secular  periods  of  the 
astronomer,  which,  Avith  him,  are  mere  abstract  arithmetical  truths,  which 
he  cannot  prove  to  have  had  an  actual  existence,  may  all  have  been 
required  for  the  production  of  those  changes  on  the  surface  of  our  globe 
of  Avhich  we  witness  the  monuments.  She  proves  that  our  present 
continents,  with  the  most  elevated  of  their  mountains,  were  formed  at  the 
bottom  of  the  ocean ;  and  that  our  hardest  rocks  were  once  sand,  and 
gravel,  and  mud  derived  from  the  wearing  down  of  land  no  longer  in 
existence.  She  points  to  a  bed  of  rock,  a  few  feet  in  thickness,  teeming 
with  the  remains  of  organic  life;  and,  from  the  successive  generations  of 
individuals  which  it  contains,  and  from  other  indications,  into  which  we 
will  not  at  present  enter,  proves  that  a  very  long  period  must  have  been 
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required  for  its  formation.  She  then  conducts  us  through  a  vast  series 
of  similar  sub-marine  deposits  five  or  six  miles  in  depth  (how  exposed  to 
our  view  will  be  explained  hereafter)  abounding  with  the  remains  of 
plants  and  animals,  and  containing,  not  only  the  relics  of  successive 
generations  of  individuals,  but  of  successively  created  races,  each  group 
of  strata  having  its  peculiar  group  of  organic  remains.  She  unfolds, 
page  after  page  of  this  great  book,  this  wondrous  record  of  the  changes 
our  earth  has  undergone,  and  of  the  tribes  of  beings  by  which  it  has  been 
peopled  during  a  series  of  periods,  of  long  but  unknown  duration,  before 
it  was  inhabited  by  man.  She  first  leads  us  to  those  formations  now  in 
progress  in  which  he  and  his  works  are  imbedded,  together  with  the 
remains  of  this  contemporary  species  of  plants  and  animals.  This  page 
of  the  world's  history  is  soon  read. 

Man  is  found  to  be  but  a  creature  of  yesterday,  compared  with  the 
globe  he  inhabits,  and  with  the  other  beings  with  which  it  has  been 
peopled.  The  very  species  of  plants  and  animals  now  existing  are  found 
to  have  been  called  into  being  before  him,  for  their  remains  occur  in 
older,  that  is  in  deeper  strata.  The  remains  of  existing  species  are  found 
to  be  gradually  intermixed  with  those  of  species  that  have  vanished  from 
the  face  of  the  earth.  The  proportion  of  extinct  species  increases  as  we 
descend.  We  come  to  lower  beds  still,  in  which  not  only  extinct  species 
occur,  but  extinct  genera.  The  forms  of  organic  life  recede  more  and 
more  from  existing  types,  and  they  diminish  in  number  in  the  lower 
rocks,  till,  at  last,  we  lose  all  traces  of  them  entirely.  During  our 
progress  through  this  vast  series  of  rocks,  evidently  of  submarine  forma- 
tion, we  meet  with  others  bursting  through  them,  which  are  as  clearly  of 
igneous  origin,  and  derived  from  below.  The  lowest  rocks  we  meet 
with  are  of  tliis  igneous  character,  and  contain  no  organic  remains.  It 
may  be  that  we  have  reached  the  records  of  a  period  when  the  world  was 
unfit  for  the  support  of  animal  and  vegetable  life.  It  may  be  that  the 
earlier  pages  of  its  history  have  been  torn  out,  and  that  the  rocks  in 
question  once  contained  the  remains  of  still  older  races,  but  that  all 
traces  of  them  have  been  obliterated,  by  the  fusion  to  which  the  rocks 
have  been  exposed.  At  all  events,  we  have  reached  the  dark  ages  of  the 
earth's  history,  and  we  close  the  book.  With  speculations  on  the  creation 
of  the  world, — on  the  mode  in  which  it  was  reduced  from  a  chaotic  state, 
— and  of  the  causes  which  gave  it  its  present  figure,  we  have  nothing  to 
do.  They  were  favourite  themes  with  the  geologists  of  former  days, 
\yhose  wild  reveries  threw  a  discredit  on  the  science,  from  which  it  was 
long  in  recovering,  even  after  its  votaries  began  to  Avalk  in  a  more  sober 
path.  The  cosmogonists,  as  they  are  called,  applied  themselves  to  the 
invention  of  modes  in  which  worlds  might  be  created,  with  an  industry, 
which,  if  applied  to  the  observation  of  phasnomena  in  the  world  around 
them,  might  have  led  to  important  knowledge.  But  that  was  too  humble 
a  task  for  them.  They  preferred  the  field  of  imagination,  and  all  their 
labours  in  that  field  tended  but  to  bring  chaos  back  again.  In  contem- 
plating their  worlds,  it  would  seem  as  if  "  nature's  journeymen  had  made 
them,"  and  had  "  not  made  them  well."  And  yet  they  arrogated  to  them- 
selves a  command  over  all  the  powers  of  nature,  and  they  were  not 
sparing  in  their  use  of  them.     They  made  the  globe  solid  or  hollow, — 
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they  filled  it  with  water  or  matter  in  a  state  of  fusion,  as  it  suited  their 
purpose, — they  changed  its  axis  of  rotation  at  pleasure, — and  when  they 
were  in  difficulties  they  called  in  the  aid  of  a  comet,  sometimes  to  produce 
a  deluge,  sometimes  a  conflagration. 

But  the  day  for  this  mode  of  philosophising  passed  away,  and 
geology,  for  the  last  half  century,  has  been  a  science  of  observation  and 
induction,  not  of  invention.  Geologists  now  wisely  limit  themselves  to 
an  investigation  of  the  crust  of  the  earth;  and  vast  as  a  series  of  deposits 
five  or  six  miles  in  thickness  may  appear  to  us,  the  proportion  it  bears  to 
the  diameter  of  the  earth  is  only  as  1  to  1600.  The  paper  covering  a 
globe  sixteen  inches  in  diameter,  is  nearly  thick  enough  to  represent  it. 
The  series  of  rocks  containing  organic  -remains  is  found  to  rest  upon 
rocks  which  are  destitute  of  them,  and  which  bear  evident  marks  of 
having  been  in  a  state  of  fusion.  The  lowest  rocks  we  meet  with  are  of 
this  igneous  character.  We  know  that  lower  still  subteiTanean  fires  are 
in  full  activity,  giving  rise  to  volcanoes  and  earthquakes,  and,  from  the 
great  areas  over  which  the  shocks  of  the  latter  are  simultaneously  felt,  it 
is  probable  that  the  source  of  internal  fire  is  deeply  seated.  The  mean 
density  of  the  earth  has  been  ascertained  to  be  twice  as  great  as  that  of 
the  rocks  at  the  surface;  and  supposing  the  interior  to  be  composed  of 
materials  equally  compressible  with  those  of  which  the  crust  consists,  the 
pressure  to  which  the  central  parts  are  subject  would  cause  the  mean 
density  to  be  much  higher  than  it  is  found  to  be.  A  large  portion  of 
the  interior  must,  therefore,  be  occupied  by  cavities, — or  must  consist  of 
less  compressible  materials  than  the  rocks  of  the  surface, — or  there  must 
be  some  expansive  force  within,  capable  of  counteracting  the  eff^ect  of 
pressure.  Central  fire  may  be  this  counteracting  force.  This  is  all  we 
know  of  the  interior  of  the  earth,  and  perhaps  all  we  ever  shall  know. 

Astronomers  have  declared,  that  they  can  discover,  in  the  planetaiy 
system,  no  evidence  of  a  period  when  it  differed  materially  from  its 
present  state.  They  do  not  deny  that  it  had  a  beginning,  but  they  tell 
us  that  they  can  discover  no  traces  of  that  beginning,  neither  can  they 
see  any  prospect  of  an  end.  He  who  made  it  can  doubtless  destroy  it, 
but  its  destruction  will  arise  from  causes  unknown  to  us.  It  contains 
not  within  itself,  as  far  as  our  observations  extend,  the  seeds  of  its  ovvti 
dissolution;  for  it  has  been  demonstrated  that  all  the  perturbations 
which  can  be  produced  in  the  orbits  of  the  planets  by  their  mutual 
attractions  are  periodical,  and  range  within  certain  limits,  slowly  increasing 
during  a  long  lapse  of  ages ;  then,  as  slowly  diminishing,  and  never 
deviating  widely  from  a  mean  state.  The  machine,  therefore,  having 
been  created  and  set  in  motion,  and  having  been  so  constructed  as  to  be 
capable  of  continuing  its  action  through  all  eternity,  may  have  been  left 
to  itself,  without  the  further  active  interference  of  its  Divine  Author. 
The  researches  of  geology  lead  to  different  conclusions.  We  find  that 
our  planet  has  been  subject  to  great  and  repeated  changes  ;  that  there 
have  been  changes  in  the  condition  of  the  earth,  accompanied  by  corres- 
ponding changes  in  organic  bodies,  adapting  them  to  those  altered 
conditions.  It  is  true,  that  in  his  investigation  of  the  crust  of  the  globe, 
the  geologist  is  as  little  able  as  the  astronomer  to  perceive  evidence  of 
the  beginning  of  things.     It  is  even  doubtful  whether  he  is  able  to  carry 


6  A  POPULAR  COURSE  OF  GEOLOGY. 

back  his  researches  to  the  comnaencement  of  organic  life;  though  the 
paucity  of  remains  in  the  earlier  fossiliferous  strata  appears  to  favour  the 
conclusion,  that  the  still  older  stratified  rocks,  which  contain  no  organic 
remains,  were  deposited  when  the  ocean  was  destitute  of  living  beings. 
It  is,  however,  certain  that  we  repeatedly  see  the  commencement  of  new 
races,  and  are  obliged,  again  and  again,  to  have  recourse  to  a  supreme 
Intelligence  and  a  creative  Power.  If  we  examine  the  marine  remains 
of  the  strata,  we  find  that  whole  genera  of  shells,  which  in  the  present 
seas  are  most  abundant  in  species,  were  not  in  existence  till  after  the 
chalk  was  deposited.  Other  genera  again  originated  about  the  middle  of 
the  series,  and  soon  became  extinct,  being  represented  by  no  species  in 
the  tertiary  strata,  that  is,  the  strata  above  the  chalk.  These  new 
creations  supplied  the  place  of  other  races  which  perished;  for  some 
genera  are  peculiar  to  the  lower  groups  of  rocks,  not  a  single  species  of 
them  occurring  higher  in  the  series  than  the  coal  measures.  There  are 
a  fcAV,  and  but  a  few,  genera  which,  commencing  in  the  lowest  fossiliferous 
strata,  have  endured  through  all  the  changes  to  which  the  earth  has 
been  subject,  and  have  species  existing  in  the  present  seas.  The  changes 
Avhich  occurred  in  the  organization  of  fishes  appear  to  have  been  greater 
and  more  rapid,  and  exhibit  a  wider  difference  between  those  found 
above  and  below  the  chalk  than  is  observable  in  the  case  of  molluscs. 
For  fuller  particulars  on  this  head  we  refer  our  readers  to  the  paper  "  On 
recent  Researches  in  Geology,"  in  our  second  number. 

The  same  proofs  of  organic  changes  are  afforded  by  the  study  of 
fossil  botany.  The  formations  containing  vegetable  remains  may  be 
arranged,  according  to  Professor  Henslow,  in  four  groups,  representing 
epochs,  during  any  one  of  which  no  very  marked  diff^erence  is  observable 
in  the  general  character  of  the  vegetation;  but  between  any  two  of  these 
groups  the  change  is  striking  and  decided,  most  of  the  genera  being  dif- 
ferent, and  none  of  the  species  alike.  The  character  of  the  fossil  vegeta- 
tion of  the  earlier  epochs  is  also  such  as  to  warrant  the  conclusion,  that 
the  plants  of  that  epoch  greAv  under  a  climate  both  hotter  and  moister 
than  that  of  any  part  of  the  earth  at  present;  and,  since  even  in  Arctic 
regions,  the  fossil  plants  are  analogous  to  those  now  growing  under  the 
tropics,  it  seems  probable  that  light  as  well  as  heat  were  formerly  more 
equably  diffused. 

We  can  scarcely  be  said,  at  present,  to  have  sufficient  data  for 
determining  what  were  the  animals  inhabiting  the  land  while  the  earlier 
Strata  was  being  deposited  at  the  bottom  of  the  sea.  It  was  at  one  time 
supposed  that  a  gradual  developement  of  organic  life  might  be  traced 
through  the  series  of  formations  from  inferior  to  higher  tribes,  from 
beings  the  most  simple  to  those  of  the  most  complex  structure.  It  was 
thought,  for  instance,  that  the  lower  strata  contained  only  the  remains  of 
animals  without  a  vertebral  column,  such  as  molluscs  and  crustaceans. 
Of  the  former,  the  oyster  and  the  whelk  may  be  adduced  as  familiar 
examples;  of  the  latter,  the  lobster  and  the  shrimp.  It  was  supposed 
that  marine  vertebrated  animals  did  not  exist  till  after  the  coal-formation 
was  deposited;  nor  oviparous  reptiles,  such  as  lizards,  and  turtles  till  a 
somewhat  later  epoch;  and  that  warm-blooded  animals  and  birds  were 
not  created  till  after  the   chalk  was  deposited.     But  these   views  have 
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been  greatly  modified  bj  recent  discoveries.  The  inference  as  to  the 
non-existence  of  fishes,  resting,  as  it  did,  upon  negative  evidence  has 
been  entii-elj  subverted.  It  is  now  ascertained  that  tlieir  remains  occui 
in  strata  of  all  ages,  each  group  of  strata  being  characterized,  according 
to  M.  Agassiz,  by  peculiarities  in  the  structure  of  its  fishes;  and  though 
the  remains  of  reptiles  have  not  yet  been  found  so  low  as  the  coal  forma- 
tion they  have  been  traced  down  to  the  magnesian  limestone,  immediately 
above  it;  which  gives  to  them  a  higher  antiquity  than  till  lately  they 
were  supposed  to  possess.  Again,  with  respect  to  the  remains  of  warm- 
blooded animals,  five  jaws,  belonging  to  at  least  two  species  of  a  small 
animal  resembling  the  didelphys,  or  opossum,  and  about  the  size  of  a 
mole,  have  been  found  in  the  calcareous  slate  of  Stonesfield,  in  Oxford- 
shire, a  stratum  considerably  below  the  chalk.  One  fact  of  this  kind  is 
of  more  value  than  a  host  of  negative  evidence,  and  it  is  triumphantly 
appealed  to  by  those  geologists  who  contend  for  the  uniformity  of  the 
course  of  nature  from  the  earliest  epochs  to  the  present  time.  It  is 
evident,  they  say,  that  some  of  our  oldest  rocks  have  been  derived  from 
the  waste  of  pre-existing  land;  and,  as  that  land  appears  to  have  been 
clothed  with  its  appropriate  vegetation,  we  have  no  right  to  suppose  that 
it  was  destitute  of  its  appropriate  animals.  A  great  ocean  like  the 
Pacific,  interspersed,  like  it,  with  small  islands  appears  to  have  pre- 
vailed, during  the  formation  of  the  older  strata,  over  that  part  of  the 
Northern  Hemisphere  in  which  are  situated  those  countries  whose 
geology  has  been  most  explored.  Small  oceanic  islands  do  not,  at  the 
present  day,  contain  many  mammalia,  while  they  are  wholly  destitute  of 
the  larger  kinds;  and  the  discovery  of  such  remains,  in  an  oceanic 
sediment,  after  its  conversion  into  dry  land,  must  be  an  event  of  very 
rare  occurrence,  for  however  abundant  mammalia  might  be  on  some 
distant  continent,  by  the  rivers  of  which  their  carcases  would  be  drifted 
down,  yet  before  they  could  be  floated  out  far  to  sea,  they  Avould  be 
almost  certain  to  be  devoured  by  the  carnivorous  monsters  of  the  deep ; 
and  even  supposing  them  to  escape  this  fate,  the  chances  are  very  much 
against  the  discovery  of  the  spot  where  these  rare  remains  are  concealed 
after  the  bed  of  the  ocean  shall  be  laid  dry. 

Allowing  to  this  argument  its  due  weight,  we  must  observe,  that 
there  are  certain  tribes  of  mammalia  (as  the  whale  and  the  seal)  which 
are  peculiar  to  the  sea;  and  the  imbedding  of  their  remains  in  the 
sediment  of  a  great  ocean  Avould  be  no  uncommon  event.  Yet  no  traces 
of  their  remains  have  hitherto  been  found  in  the  strata  below  the  chalk*. 
The  absence  therefore  of  the  remains  of  marine,  as  well  as  of  terrestrial, 
mammalia,  appears  favourable  to  the  conclusion,  that  this  order  of 
animals  was  not  created  until  an  epoch  comparatively  recent,  though 
that  epoch  is  proved,  by  the  Didelphoid  remains  of  Stonesfield,  to  have 
been  more  remote  than  we  formerly  supposed.  We  must,  likewise, 
observe  that  there  is  a  local  deposit,  older  than  the  chalk,  but  more  recent 
than  the  Stonesfield  slate,  principally  confined  to  the  Weald  of  Kent  and 
Sussex,  and  thence  named  the  Wealden,  which,  from  its  assemblage  of 
fossils,  (derived,  with  few  exceptions,  from  land  and  fresh  Avater)  appears 

*  The  bones  found  in  tlie  Wealden,  and  1  to   Cetacea,  are  referred  by  Cuvier  and 
described  by  Dr.  Buckland  as  belonging  |  Mantell  to  some  unknown  Saurian, 
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to  have  been  deposited  at  the  mouth  of  a  river;  and,  from  the  extent  of 
the  formation,  that  river  must  have  drained  some  large  continent.  Here, 
then,  w^e  ought  to  find  the  remains  of  mammalia  if  that  class  of  animals 
were  as  abundant  in  the  world  then  as  they  were  at  a  subsequent  period. 
But  though  this  deposit  has  long  been  under  the  examination  of  an 
eminent  geologist,  celebrated  for  his  skill  in  comparative  anatomy,  not  a 
trace  of  such  remains  has  yet  been  discovered.  On  the  contrary,  the 
Wealden  exhibits  a  most  curious  group  of  animals  as  inhabiting  the 
shores  and  waters  of  the  river  which  drifted  down  their  remains,  and 
indicates  an  extraordinary  developeraent,  during  that  era,  of  the  saurian, 
or  lizard  family.  They  seem  to  have  possessed  earth,  and  sea,  and  air. 
Inhabiting  the  sea,  there  was  the  ichthyosaurus,  a  creature  intermediate 
between  a  crocodile  and  a  fish, — ^having  the  snout  of  a  dolphin,  the  head 
and  teeth  of  a  crocodile,  the  doubly  concave  vertebrae  of  a  fish,  fitting  it 
for  rapid  motion  through  the  water,  and,  instead  of  fins  or  feet,  it  had  four 
paddles,  like  those  of  a  turtle;  while  nearly  allied  to  it  in  structure  was 
the  plesiosaurus,  one  species  of  which  had  a  long  neck  like  the  body  of  a 
serpent.  These  creatures  appear,  from  their  structure,  to  have  been  con- 
fined to  the  sea,  and  never  to  have  appeared  on  dry  land ;  but  there  were 
amphibious  saurians,  of  the  crocodile  and  alligator  families,  frequenting 
the  rivers  and  estuaries,  in  company  with  tortoises  and  turtles;  and  there 
were  pterodactyles,  or  flying  saurians,  together  with  a  great  variety  of 
gigantic  terrestrial  saurians,  the  lord  of  whom  appears  to  have  been  the 
iguanodon,  a  creature  pronounced  by  Cuvier  to  be  the  most  extraordinary 
that  had  ever  come  mider  his  consideration.  It  was  an  herbivorous 
lizard,  of  colossal  proportions,  for  it  must  have  been  seventy  feet  long, 
and  nine  feet  high.  In  some  respects  its  teeth  bore  an  analogy  to  those 
of  the  iguana,  a  small  species  now  inhabiting  the  West  Indies;  but  it 
difi'ered  from  all  other  herbivorous  lizards,  either  fossil  or  recent,  in 
having  chewed  its  food,  as  appears  by  the  manner  in  which  its  teeth  were 
worn,  whereas  other  herbivorous  lizards  nip  or  crop  theirs,  and  swallow 
it  without  mastication.  In  short,  during  the  Wealden  era,  there  were 
lizards  twice  the  size  of  the  largest  elephant  or  rhinoceros,  approaching 
them  in  the  character  of  their  dentition,  and  apparently  occupying  their 
place  in  the  economy  of  nature. 

But  whether  mammalia  existed  during  the  earliest  epochs  of  the 
world  of  which  we  possess  geological  monuments,  and  were  contemporary 
with  those  marine  animals  imbedded  in  the  lower  strata,  though,  for  the 
reasons  above  stated,  their  remains  have  not  yet  been  discovered;  or 
whether  they  were  not  created  till  a  later  period,  though  still  before  the 
deposition  of  the  chalk,  it  is  certain  that  during  the  tertiary  era,  when 
their  remains  were  abundantly  entombed  in  the  strata,  we  can  trace  the 
introduction  of  new  races  even  of  them.  The  remains  of  the  land  qua- 
drupeds imbedded  in  the  olden  tertiary  strata,  are  exclusively  those  of 
extinct  genera.  In  the  deposits  of  a  more  recent  period  we  meet,  in 
these  northern  latitudes,  with  the  remains  of  extinct  species  of  genera 
now  existing,  but  existing  only  in  warm  climates,  such  as  the  elephant, 
rhinoceros,  hippopotamus,  &c.  These  are  found  to  be  gradually  inter- 
mixed (in  the  ascending  order  of  the  strata)  with  the  bones  of  mammalia, 
identical  in  species  with  those  now  living  under  the  present  climates  of 
F-urope;  till  at  length  we  come  to  peat  bogs  and  alluvial  deposits,  in 
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which  human  remains  occur,  mixed  with  those  of  animals  now  living  in 
the  countries  where  the  remains  are  found,  together  with  a  few  which 
have  become  locally  extinct,  within  the  historic  period.  The  animals 
that  have  become  locally  extinct  in  Britain  are,  the  wolf,  the  beaver,  and 
the  wild  boar.  The  great  fossil  elk  of  Ireland,  now  universally  extinct, 
perhaps  continued  to  exist  in  that  country  after  it  was  inhabited  by  man. 
It  is  doubtful  whether  the  elephants,  hyaenas,  tigers,  &c.,  whose  remains 
are  so  abundant  in  gravel  and  in  caves,  inhabited  Europe  after  the 
human  era.  In  those  cases  where  their  bones  occur  in  caverns,  mixed 
with  the  bones  and  works  of  men,  there  is  often  evidence  that  the  latter 
were  introduced  after  the  former;  and  in  no  case  is  there  clear  evidence 
that  they  Avere  deposited  simultaneously.  It  is  a  very  remarkable  circum- 
stance, that  not  a  single  bone  of  any  of  the  monkey  tribe  has  yet  been 
found  in  a  fossil  state,  though  so  many  bones  of  elephants  and  other 
inhabitants  of  the  same  climate  as  the  monkey,  have  been  disinterred  in 
Europe.  This  would  almost  lead  to  the  conclusion  that  the  class  of 
animals  most  resembling  man  in  organization  were  created  nearly  at  the 
same  time  with  him.  It  is  needless  to  adduce  proofs  of  the  recent  intro- 
duction of  man  upon  the  earth.  It  is  a  fact  admitted  by  all  gec^ogists, 
even  by  those  who  contend  that  the  existing  order  of  things  is  but  the 
last  link  of  a  chain  of  events  derived  from  laws  now  in  daily  operation. 
The  most  able  and  strenuous  advocate  of  this  doctrine  asserts,  that  the 
real  difficulty  consists  in  tracing  back  the  signs  of  man's  existence  upon 
the  earth  to  that  comparatively  modern  period  when  species,  his  con- 
temporaries, began  to  predominate. 

The  absence  of  human  remains  fi-om  the  older  strata  cannot  be 
accoimted  for  as  in  the  case  of  the  quadrupeds  of  the  land,  by  the  rare 
occurrence  of  the  circumstances  which  would  cause  them  to  be  imbedded 
in  submarine  sediment.  "  No  inhabitant  of  the  land,"  says  Mr.  Lyell, 
"  exposes  himself  to  so  many  dangers  on  the  waters  as  man,  whether  in 
a  civilized  or  a  savage  state;  and  there  is  no  animal,  therefore,  whose 
skeleton  is  so  liable  to  become  imbedded  in  lacustrine  and  submarine 
deposits:  nor  can  it  be  said  that  his  remains  are  more  perishable  than 
those  of  other  animals;  for  in  ancient  fields  of  battle,  as  Cuvier  has 
observed,  the  bones  of  men  have  suffered  as  little  decomposition  as  the 
bones  of  horses,  which  were  buried  in  the  same  grave.  But  even  if  the 
more  solid  parts  of  our  species  had  disappeared,  the  impression  of  their 
form  would  have  remained  engraven  on  the  rocks,  as  have  the  traces  of 
the  tenderest  leaves  of  plants,  and  the  soft  integuments  of  many  animals. 
Works  of  art,  moreover,  composed  of  the  most  indestructible  materials, 
would  have  outlasted  almost  all  the  organic  remains  of  sedimentary  rocks. 
Edifices,  and  even  entire  cities,  have,  within  the  times  of  history,  been 
buried  under  volcanic  ejections,  submerged  beneath  the  sea,  or  ingulfed 
by  earthquakes;  and  had  these  catastrophes  been  repeated  through  an 
indefinite  lapse  of  ages,  the  high  antiquity  of  man  would  have  been 
inscribed  in  far  more  legible  characters  on  the  frame-work  of  the  globe, 
than  are  the  forms  of  the  ancient  vegetation,  which  once  covered  the 
islands  of  the  northern  ocean,  or  of  the  gigantic  reptiles  which,  at  still 
later  periods,  peopled  the  seas  of  the  northern  hemisphere*." 

•  Tj veil's  Principles  of  Geology ,  vol,  i.,  p.  241. 
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It  can  scarcely,  we  tliink,  be  denied  that  tlie  facts  above  enumerated 
point  to  something  very  like  a  progressive  developement  of  organic  life; 
though  they  will  not  support  the  doctrine  to  the  extent  contended  for  a 
few  years  ago,  and  though  the  terms  in  which  it  was  announced  might 
be  open  to  objection.  It  is  possible  to  repudiate  the  monstrous  and 
absurd  notions  of  Lamarck,  respecting  the  transmutation  of  one  species 
into  another, — it  is  possible  to  admit  that  fishes,  reptiles,  and  mammalia 
occur,  respectively,  in  older  strata  than  was  supposed  at  the  time  Sir 
Humphry  Davy  wrote  his  Covsolafions  in  Travel, — we  may  admit  the 
absence  from  the  coal  strata  of  fungi,  lichens,  and  mosses,  which  are  the 
simplest  forms  of  flowerless  vegetation,  and  the  presence  of  ferns  and 
Lycopodiaceae,  which  are  the  most  highly  organized  of  the  cryptogamic* 
plants, — we  may  admit  that  the  monocotyledons  t  of  the  same  period 
consisted  of  the  most  highly-developed  of  that  class  of  plants,  and  that 
it  was  not  destitute  of  its  dicotyledons  J.  It  may  be  true  that  an  ortho- 
ceratite  or  a  nautilus,  though  they  have  no  back-bone, are,  for  the  purposes 
for  which  they  Avere  designed,  as  perfect  in  their  organization  as  an 
elephant  or  a  crocodile;  and  that  palms  and  bread-corn,  though  they 
have  but  one  seed-lobe,  are  not  inferior  in  dignity  to  an  oak  and  a  nettle 
which  have  two:  and  yet,  admitting  all  this,  we  may  contend  Avith 
Professor  Sedgwick,  that  a  doctrine  may  be  abused  and  yet  contain  the 
elements  of  truth, — that  it  is  one  thing  to  refute  it,  and  another  to  point 
out  the  errors  and  overcharged  statements  of  its  supporters.  ""With 
reference,"  he  says  "  to  the  functions  of  the  individual,  one  organic 
structure  is  as  perfect  as  another;  but  I  think  that  in  the  repeated, 
and  almost  entire,  changes  of  organic  types  in  the  successive  formations 
of  the  earth, — in  the  absence  of  mammalia  in  the  older,  and  their  rare 
occurrence  (and  then  in  forms  entirely  unknoAvn  to  us)  in  the  newer 
secondary  groups, — in  the  diffusion  of  warm-blooded  quadrupeds  (fre- 
quently of  unknown  genera)  through  the  older  tertiary  systems, — in 
their  abundance  (and  frequently  of  known  genera)  in  the  upper  portion 
of  the  same  series, — and,  lastly,  in  the  recent  appearance  of  man  on  the 
surface  of  the  earth,  now  universally  admitted, — in  one  Avord,  from  all 
these  facts  combined  Ave  haA^e  a  series  of  proofs,  the  most  emphatic  and 
convincing,  that  the  existing  order  of  Nature  is  not  the  last  of  an  unin- 
teiTupted  succession  of  mere  physical  events,  derived  from  causes  noAV  in 
daily  operation,  but  on  the  contrary,  that  the  approach  to  the  present 
system  has  been  gradual,  and  that  there  has  been  a  progressive  deve- 
lopement of  organic  structure,  subserAdent  to  the  purposes  of  life  §." 

While  these  changes  were  taking  place  in  the  organic  world,  changes 
as  great  Avere  taking  place  in  the  inorganic.  Land  Avas  conA^erted  into 
sea,  and  sea  into  land,  and  land  again  into  sea.  Tlie  same  portions  of 
the  earth's  surface  have  been  subject  to  repeated  oscillations,  so  as  to  be 
alternately  above  and  below  the  ocean  level.  We  have  already  alluded 
to  the  indications  of  a  change  of  climate,  discoverable  in  the  crust  of  the 
globe.  We  shall  not  at  present  enter  into  a  detail  of  all  the  evidence 
on  Avhich  this  rests;  suffice  it  to  say,  that  from  the  testimony  of  the 
imbedded  organic  remains,  it  appears  that,  during  the  formation  of  the 

•  Plants  whose  fructification  is  concealed,  i     J  Plants  having  two  seed-lobes. 
-j-  Plants  having  only  one  seed-lobe.  |     §  Sedgwick's  Anniversary  Address. 
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older  strata,  a  tropical,  if  not  an  ultra-tropical,  climate  prevailed  over 
the  northern  hemisphere,  and  that  even  at  a  period  so  comparatively 
recent  as  the  commencement  of  the  tertiary  series,  a  very  high  tempera- 
ture existed  over  what  are  now  the  cool  regions  of  Europe;  Avhen  a  great 
part  of  England  was  yet  beneath  the  waves,  when  her  mountain-chains 
formed  a  cluster  of  spice  islands,  haunted  by  the  crocodile  and  the  turtle, 
and  when,  on  the  spot  where  London  now  stands,  the  nautilus  of  the 
tropics,  spreading  his  sail  to  the  breeze,  was  the  only  representative  of 
the  fleets  that  crowd  her  port.  But  if  the  earth's  crust  furnishes  us 
with  evidence,  that  great  and  repeated  changes  have  taken  place  in  the 
organic  and  inorganic  world,  it  furnishes  us  with  proofs  no  less  clear, 
that  great  epochs  of  time  elapsed  while  these  changes  were  in  progress, — 
epochs  so  great  that  we  are  tempted  to  connect  them  with  the  secular 
periods  of  astronomy  to  which  we  have  before  alluded.  There  is,  how- 
ever, this  difference  between  the  phenomena  of  astronomy  and  geology; 
that  in  the  former  we  have  a  series  of  events  recurring,  in  a  fixed  order, 
after  the  lapse  of  fixed  intervals  of  time,  whereas  in  geology  (if  we 
except  the  interchange  between  land  and  sea,  and  the  recurrence  of 
volcanic  action  after  long  intervals  of  repose)  we  have  no  evidence  of 
the  repetition  of  a  single  phenomenon,  much  less  have  we  evidence  of 
geological  cycles,  in  which  the  same  events  are  repeated,  again  and 
again,  in  a  stated  order,  and  at  stated  intervals.  We  have  proofs  of  a 
change  from  a  hot  to  a  colder  climate;  but  we  have  no  proofs  of  a 
change  from  a  cold  climate  to  a  hotter.  Whole  orders  of  fishes  charac- 
teristic of  the  older  strata  become  extinct,  and  are  succeeded  by  new 
races,  which  in  their  turn  give  place  to  others.  This  class  of  vertebrated 
animals  affords  an  unbroken  record,  from  the  earliest  to  the  most  recent 
geological  epoch,  and  the  changes  which  occur  in  it  are  more  rapid  than 
those  which  take  place  among  invertebrate  animals;  but,  as  we  ascend 
in  the  series  of  strata,  we  meet  with  no  instance  of  the  revival  of  any  of 
the  extinct  genera  or  species.  By  means  of  a  series  of  geological  monu- 
ments, we  can  trace  the  commencement  and  decay  of  the  family  of  the 
Ichthyosauri;  but  once  extinct  they  reappear  no  more,  except  in  the 
humorous  sketch  of  Mr.  Delabeche*:  and,  lastly,  man  becomes  an 
inhabitant  of  the  earth,  but  there  is  not  a  particle  of  evidence  that  the 
race  had  previously  existed,  though  at  some  very  remote  period,  and 
had  been  destroyed  to  revive  on  the  completion  of  a  great  geological 
cycle.  Again,  to  use  the  language  of  Professor  Sedgwick,  "  each  forma- 
tion of  geology  may  have  required  a  very  long  period  for  its  complete 
developement:  but,  after  all,  the  successive  formations  about  which  we 
speculate,  however  complex  in  their  subdivisons,  are  few  in  number; 
and  after  deciphering  a  series  of  monuments,  we  reach  the  dark  ages  of 
our  history,  when  having  no  longer  any  characters  to  guide  us,  we  may 
indulge  at  will  in  the  creations  of  our  fancy.  We  may  imagine  indefinite 
cycles,  and  an  indefinite  succession  of  phenomena,  and  in  the  physical 

*  Allusion  is  here  made  to  a  lithographic  I  brethren,  on  a  human  skull,  which  he  pro- 
sketch  from  the  pencil  of  that  gentleman,  nounces  to  belong  to  one  of  the  inferior 
entitled,  "  Reappearance  of  Ichthyosauri  i  animals,  on  account  of  the  insignificance  of 
— man  only  found  in  a  fossil  state ;"  in  the  teeth,  and  the  trifling  powers  of  the 
which  Professor  Ichthyosaurus  is  repre-  jaw,  expressing  wonder  how  the  creature 
scntcd     lecturing    to  an  audience  of  his  i  procured  its  food. 
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world  as  well  as  in  the  moral,  we  may  Lave  our  long  periods  of  fabulous 
history.  But  these  things  belong  not  to  inductive  geology;  and  all  I 
now  contend  for  is,  that  in  the  well-established  facts  brought  to  light  by 
our  investigations,  there  is  no  such  thing  as  an  indefinite  succession  of 
phenomena*." 

When  the  Copemican  system  of  astronomy  was  established,  and  the 
earth,  no  longer  regarded  as  the  centre  of  the  universe,  was  proved  to  be 
one  of  a  system  of  bodies  revolving  round  the  sun,  the  question  naturally 
arose  were  the  other  bodies  of  that  system  habitable  and  inhabited;  and, 
reasoning  from  analogy,  astronomers  were  disposed  to  answer  the  question 
in  the  affirmative.  It  was  true,  that  as  regards  the  distribution  of  light 
and  heat,  and  the  intensity  of  gravitation,  a  very  different  state  of  things 
must  prevail  in  most  of  those  planets  from  what  obtains  on  the  earth; 
but  seeing  that  every  part  of  this  earth  was  crowded  with  sentient  beings, 
possessing  an  organization  so  adapted  to  the  conditions  of  existence 
assigned  them,  as  to  render  that  existence  a  state  of  enjoyment,  it  ap- 
peared highly  improbable  that  all  the  variety  here  displayed  should  be 
limited  to  one  planet,  and  that  all  the  others  should  be  mere  blanks, 
made  only  to  be  gazed  at  by  us,  and  destitute  of  beings  suited  to  their 
respective  states.  And  when  the  modern  researches  of  astronomy 
extended  to  the  fixed  stars,  showed  them  to  be  suns,  like  that  which 
forms  the  centre  of  our  system,  and  when  it  Avas  found  that  they  were 
arranged  in  groups  circling  round  each  other,  the  argument  from  analogy 
was  carried  further,  and  the  probability  was  inferred  of  each  of  these 
suns  being  attended  by  its  system  of  planets,  with  their  satellites,  the 
whole  teeming  with  life  under  a  countless  variety  of  forms,  and  under 
a  countless  variety  of  conditions.  Geology  comes  in  aid  of  these  con- 
jectures, by  showing  that  this  our  planet  has  existed  under  a  different  dis- 
tribution, of  land  and  sea,  of  heat,  and  perhaps  of  light,  from  that  which 
it  at  present  enjoys;  and  that,  under  these  different  circumstances,  it 
was  not  a  mere  blank,  but  was  as  much  crowded  as  now  with  living 
beings  adapted  to  the  then  stat6  of  things.  A  contemplation  of  the 
variety  of  organization  manifested  in  the  world  around  us,  cannot  fail  to 
excite  our  wonder;  but  if  we  extend  our  researches  to  the  remains 
entombed  in  the  earth's  crust,  our  wonder  will  be  increased  at  the 
increased  variety  we  shall  find;  and  we  shall  be  convinced  that  the 
existing  system  of  nature  is  but  a  part  of  what  has  been,  and  that  the 
whole  visible  creation,  past  and  present,  may  be  but  an  atom  compared 
"vvith  the  invisible. 

If  we  apply  ourselves  to  the  task  of  classifying  organized  bodies 
now  existing,  arranging  them  in  groups  as  they  differ  from  or  resemble 
each  other  in  their  structure,  we  find  that  those  forms  of  each  group 
which  are  most  dissimilar,  are  connected  by  a  series  of  gradations, 
separated  from  each  other  by  the  most  minute  distinctions,  and  that  the 
groups,  whether  we  regard  the  larger  or  the  subordinate  divisions,  are  again 
connected  by  forms  possessing  some  of  the  characteristics  of  two  groups. 
There  are,  however,  cases  in  which  the  transitions  are  more  abrupt;  and 
when  these  cases  occur  we  frequently  recover,  among  the  extinct  forms 
of  an  ancient  state  of  nature,  those  connecting  links  which  are  wantinac^ 
'  Anniversary  Address — Proceedings  of  Geological  Society,  p.  305. 
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in  the  existing  creation.  As  instances,  Ave  may  mention  the  ichthyosauri, 
before  alluded  to,  as  combining  some  of  the  characters  of  a  lizard  with 
those  of  a  fish,  and  occupying  among  saurians  the  place  of  the  whale  and 
seal  among  mammalia;  and  pterodactyles  which  bore  the  same  analogy  to 
lizards,  that  the  bat  now  bears  to  mammalia.  The  pachydermatous* 
order  of  mammalia,  as  existing  at  present,  consists  of  but  few  genera, — 
the  elephant,  rhinoceros,  hippopotamus,  horse,  hog,  and  tapir,  genera 
possessing  but  slight  resemblance  to  each  other,  and  singularly  poor  in 
species.  The  tertiary  strata  of  the  Paris  basin  abounds,  however,  in 
remains  of  extinct  animals  of  this  order,  supplying  gi-adations  betAveen 
some  of  the  above  genera,  and  connecting  this  order  with  others.  There 
are,  in  particular,  above  forty  fossil  species  of  one  division  of  it  which 
contains  only  four  living  species.  Similar  instances  might  be  adduced 
from  other  divisions  of  the  animal  kingdom;  and  others  are  afforded  by 
a  comparison  of  fossil  and  recent  vegetation. 

Thus  existing  and  extinct  organic  bodies  can  scarcely  be  said  to 
belong  to  different  systems,  but  must  be  considered  as  composing  one 
great  chain  of  being,  formed  on  one  general  plan,  agreeing,  for  the  most 
part,  in  important  points  of  structure,  and  differing  only  in  minutiae  of 
detail.  And  if,  on  examining  the  organization  of  beings  whose  functions 
we  understand,  we  discover  a  mechanism  like  the  work  of  our  own  hands, 
but  far  surpassing  in  beauty,  and  excellence,  and  complexity  any  Avork- 
manship  of  man:  and  if  in  this  Ave  see  proofs  of  contrivance,  of  structure 
designed  for  an  end,  and  that  end  accomplished,  we  not  only  discover 
among  fossil  organic  bodies  ncAV  and  unexpected  instances  of  this,  but  Ave 
have  proofs  that  the  same  contriving  Intelligence  has  been  exerted  at  the 
remotest  period  to  which  Ave  can  trace  back  the  history  of  the  globe, 
ages,  Ave  know  not  how  long,  before  the  existence  of  the  human  race. 

We  find,  moreover,  that  Avith  every  change  in  the  state  of  the  earth 
there  has  been  a  corresponding  change  of  organized  bodies,  and  thus  Ave 
have  proofs,  not  only  of  an  Intelligence  adapting  mechanism  to  an  end, 
but  that  the  same  contriving  Intelligence  has  been  manifested  at  succes- 
sive periods  adjusting  the  mechanism  to  the  altered  conditions  under 
which  it  was  to  exist.  With  what  reverential  ideas  ought  these  vicAvs  to 
impress  us  respecting  that  Being  to  Avhom  all  things  OAve  their  existence, 
eternal  in  duration,  absolute  in  power,  perfect  in  Avisdom,  in  goodness 
infinite;  and  hoAV  can  we  refrain  from  exclaiming  in  the  language  of 
Holy  Writ,  "  O  Lord,  how  manifold  are  thy  Avorks,  in  wisdom  hast  thou 
made  them  all :  they  shall  perish  but  Thou  shalt  endure ;  yea,  all  of 
them  shall  Avax  old  as  doth  a  garment,  and  as  a  vesture  shalt  Thou 
change  them,  and  they  shall  be  changed,  but  Thou  art  the  same  and  thy 
years  have  no  end." 

We  have  now  pointed  out  some  of  the  leading  facts  which  geology 
presents  to  us,  and  some  of  the  lofty  speculations  to  which  they  lead, 
and  Ave  have  compared  them  with  those  of  astronomy.  Before  we  pro- 
ceed to  the  details  of  the  science,  we  shall  offer  a  fcAv  observations  on  the 
advantages  attending  the  study,  and  Ave  shall  endeavour  to  remove  those 
scruples  which  cause  many  well-meaning  persons  to  view  it  Avith  an 
unfavourable  eye,  as  opposed  to  facts  recorded  in  the  Sacred  Writings. 

"  Thick-skinned. 
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THE  SALT  MOUNTAINS  OF  ISCHIL. 

My  object  in.  turning  out  from  the  direct  road  to  Salzburg,  was  to  visit 
the  Gmunden  Lake  and  the  salt  mountains  of  Ischil,  which  I  was  told  I 
should  find  on  its  southern  shore.  The  road,  after  leaving  Lambach,  led 
by  the  Traun  river,  by  which  the  lake  discharges  itself  into  the  Danube, 
and  down  which  the  salt  is  conveyed  in  large  flat-bottomed  boats.  It  is 
an  extremely  turbulent  and  rapid  stream,  and  at  one  spot,  where  is  a  high 
picturesque  fall,  a  wood-shot  has  been  constructed,  down  which  the  boats 
glide  with  frightful  rapidity.  At  the  head  of  the  lake  is  the  village  of 
Gmunden,  where  is  a  depot  for  salt,  and  a  large  manufactory  of  casks, 
both  belonging  to  the  government.  I  found  here  two  German  students, 
also  pedestrians,  with  whom  I  kept  company  on  to  Salzburg.  We  hired 
a  boat  to  convey  us  to  the  other  end  of  the  lake.  It  was  rowed  by  two 
men  and  a  girl,  there  being  scarcely  any  kind  of  manual  labour  from 
which  the  females  of  the  lower  class  in  Germany  are  exempted.  The 
lake  is  romantically  situated,  having  on  the  eastern  side  a  range  of 
mountains  rising  boldly  from  the  water,  and  on  the  other  a  champaign 
country  highly  cultivated,  and  sprinkled  with  herrschaufts'''  and  farm- 
houses. Among  the  former  was  the  Traun  Stein,  which  rises  abruptly 
from  the  lake  about  two  miles  from  its  outlet.  It  was  a  bright  morning; 
every  object  looked  cheerful,  and  my  companions  when  out  on  the  lake 
commenced  a  song  about  freiheit  and  vaterland^  to  an  air  that  I  had 
often  heard  among  the  Germans  of  my  own  father-land  Pennsylvania. 
Suddenly  the  boat  stopped,  and  the  father  of  the  crew,  rising  up,  sprinkled 
us  with  water,  and  with  the  usual  ceremony  of  baptism  gave  us  each  the 
name  of  one  of  the  surrounding  mountains. 

We  landed  at  Ebens-see,  a  small  village  at  the  southern  end  of  the 
lake,  and  in  reply  to  our  inquiries,  they  informed  us  that  the  salt  was 
manufactured  at  this  place,  but  that  the  salt-mines  Avere  several  miles  in 
the  interior.  I  had  supposed  that  the  salt  was  dug  in  a  solid  state  from 
the  mountain,  and  was  therefore  surprised  when  they  took  us  to  a  large 
building,  in  which  was  a  sheet-iron  pan  about  sixty  feet  in  diameter  and 
two  in  depth,  with  a  brisk  fire  kept  up  beneath.  Water  was  flowing  into 
it  from  two  huge  cocks,  and  workmen  were  employed  shoveling  salt  out 
from  the  bottom  on  to  a  draining-board,  from  which  it  was  afterwards 
removed  to  small  cone-shaped  A^essels,  with  holes  at  the  bottom  for 
further  draining.  In  these  it  was  suffered  to  remain  until  it  became 
solid,  when  it  was  turned  out,  and  the  moist  end  of  the  cone  being  cut 
off^,  it  was  ready  for  transportation.  Each  lump  contained  about  thirty- 
three  pounds. 

From  Ebens-see  we  followed  the  windings  of  a  deep  valley  for  nine 
miles,  when  we  arrived  at  Ischil,  a  pretty  little  village,  frequented  by 
valetudinarians  for  the  benefit  of  its  salt-baths.  These  are  in  a  new  and 
very  handsome  edifice,  with  a  Grecian  colonnade  in  front,  and  an  inscrip- 
tion. In  sale  el  sole  omnia  existt/nt.  The  salt  mountains  are  about  three 
miles  to  the  southward  of  Ischil.  They  form  part  of  a  high  and  broken 
range  extending  eastward  and  westward,  and  in  the  exterior  are  not  to  be 

*  The  residences  of  the  titled  proprietors. 
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distinguished  from  other  parts  of  the  range,  the  vegetation  on  every  part 
being  equally  luxuriant.  About  half  way  to  the  summit,  we  arrived  at 
the  residence  of  the  superintendent,  and  having  here  obtained  permission 
to  enter  the  mines,  were  conducted  to  a  house  a  few  hundred  yards  below, 
and  provided  with  suitable  dresses.  Here  is  one  of  the  entrances,  of 
w^hicli  there  are  twelve  in  all:  they  informed  us  that  salt  is  found  in  any 
part  of  the  mountain  Avhere  they  take  the  trouble  of  digging  for  it.  Our 
course  after  entering  Avas  along  a  narrow  horizontal  gallery,  openings 
occurring  at  intervals,  along  which  we  heard  the  dashing  of  water:  at 
our  feet  were  also  wooden  pipes  for  Avater,  Avith  branches  running  off 
into  the  various  lateral  galleries.  Having  proceeded  a  quarter  of  a  mile, 
we  came  to  a  halt  just  where  some  bare  logs  rose  in  a  slanting  direction, 
from  a  cavity  whose  depth  we  could  not  ascertain.  A  guide  straddled 
this  log,  and  directing  me  to  do  the  same,  and  hold  on  by  him,  he  raised 
his  feet,  and  away  Ave  Avent,  sliding,  or  rather  darting  doAvn  on  the  smooth 
log,  and,  excepting  the  glimmering  light  from  our  lantern,  enveloped  in 
total  darkness.  The  guide  kept  himself  upright,  and  holding  fast  to 
him,  I  presently  found  myself  deposited  in  safety  on  a  heap  of  soft 
earth,  and  turned  to  enjoy  the  equal  astonishment  and  fright  of  my 
companions. 

We  were  now  at  the  bottom  of  a  chamber  of  irregular  shape,  but 
averaging  about  one  hundred  and  fifty  feet  in  diameter,  and  from  four 
to  ten  feet  in  height;  the  ceiling  in  some  parts  being  supported  by  blocks 
of  sulphate  of  lime,  piled  up  in  the  form  of  rude  columns.  The  gangiie 
of  the  salt,  if  the  AA^ord  may  be  used,  is  composed  chiefly  of  a  clayey 
earth,  mixed  up  Avitli  irregular,  blocks  of  sulphate  of  lime :  the  salt  is 
mingled  Avith  these,  usually  in  strata  of  from  six  inches  to  tAvo  feet  in 
thickness,  forming,  hoAvever,  every  variety,  shape  and  direction.  It  AA^as 
generally  of  a  reddish  colour,  and  though  mixed  Avith  impurities,  very 
strong.  The  strata  Avere  very  distinct  on  the  ceiling  of  the  chamber, 
Avhich  looked  not  unlike  marbled  paper,  the  salt  itself  presenting  a  great 
variety  of  colours,  and  its  gangue  scarcely  a  smaller  number.  The  sur- 
face of  the  salt  presented  to  us  AAas  rough  and  honey-combed. 

AYe  now  for  the  first  time  leamt  the  mining-process,  which  certainly 
is  very  simple,  and  sufficiently  economical.  In  the  first  place,  a  small 
chamber  is  formed  by  the  pick-axe  and  shovel,  and  arrangements  having 
been  made  by  means  of  pipes  for  conducting  Avater  to  and  from  it,  the  , 
outlet  is  stopped  up,  and  the  chamber  is  filled  Avith  fresh  Avater,  of  Avhich 
the  mountain-streams  furnish  them  Avith  abundance.  In  a  few  Aveeks 
the  water  in  the  chamber  is  saturated  with  salt;  it  is  then  let  out,  and 
conducted  by  aqueducts  to  Ebens-see,  a  distance  of  tAvelve  miles,  Avhere, 
as  I  have  already  described,  the  Avater  is  evaporated  artificially,  and  the 
salt  is  shipped  for  the  store-house  at  Gmunden.  When  the  chamber 
has  become  sufficiently  dry,  the  Avorkmen  descend  into  it,  clear  it  from 
the  stones  and  dirt  Avhich  have  been  loosened  by  the  Avater  and  fallen 
from  the  ceiling,  and  the  chamber  is  then  ready  for  another  flooding. 
The  large  chamber  we  Avere  in,  as  the  guides  informed  us,  requires  one 
month  for  the  process  of  filling,  fifteen  days  more  for  completing  the 
saturation:  it  holds  eighty  thousand  German  Emers,  is  filled  four  times 
a  year,  and  has  been  in  use  thirty  years:  one  hundred  lbs.  of  Avater 
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furnish  twenty-six  and  three-fourths  lbs  of  salt.  There  are  thirty-four 
chambers  in  all,  in  which  two  hundred  men  are  employed,  working 
night  and  day,  six  hours  at  a  time.  They  work  four  days  in  a  week, 
and  get  forty-eight  cents  per  week.  When  the  chambers  are  approaching 
so  as  to  threaten  a  breach  from  one  into  the  other,  the  further  encroach- 
ment of  the  water  in  that  direction  is  prevented  by  a  compound  formed 
by  the  clay  and  pulverized  rock,  which  is  beaten  against  the  wall  so  as 
to  form  an  effectual  barrier.  At  intervals,  in  the  descent  of  the  moun- 
tain, are  three  reservoirs,  into  which  the  water  is  successively  discharged, 
I  believe  for  the  purpose  of  breaking  the  violence  of  the  descent. 

There  is  a  chain  of  six  or  seven  very  beautiful  lakes  in  this  neigh- 
bourhood, two  of  which  we  visited  after  leaving  Ischil,  and  on  the  29  th 
August  stopped  for  a  short  rest  at  Salzburg.  Our  consul  at  Vienna  had 
described  in  glowing  terms  the  beautiful  scenery  at  Berchtsgaden,  a  short 
day's  journey  to  the  south  of  Salzburg,  and  as  it  had  also  a  salt-mountain, 
I  determined  to  pay  it  a  visit.  There  are  also  salt-mines  at  Hallein, 
south  from  Salzburg,  which  I  did  not  examine,  but  which  I  was  informed 
are  worked,  and  are  about  as  productive  as  those  of  Ischil. 

Berchtsgaden  is  now  comprehended  in  the  kingdom  of  Bavaria. 
The  royal  family  were  there  on  a  visit  at  this  time :  they  had  just  been 
inspecting  the  mines,  and  I  found  many  parts  of  the  interior  ornamented 
in  a  fanciful  manner;  the  richest  crystals  of  the  salt  and  gypsum  having 
been  collected  and  disposed  so  as  to  form  grottoes,  devices,  &c. :  some  of 
the  former  were  large  and  perfectly  transparent,  but  a  deep  red  or  brown 
is  the  prevailing  colour.  This  mine  appeared  to  me  to  be  richer  than 
that  of  Ischil.  In  some  parts  the  salt  forms  regular  solid  strata,  several 
feet  in  thickness,  and  so  free  from  foreign  matter  as  to  be  fit  for  use 
without  any  purifying  process.  In  these  places  it  is  mined  by  the  aid  of 
gunpowder,  and  the  guides,  after  placing  us  in  secure  places,  allowed  us 
to  witness  two  or  three  explosions.  Generally,  however,  the  mine  differs 
very  little  from  that  of  Ischil.  We  entered  by  a  horizontal  gallery,  a 
quarter  of  a  mile  in  length,  and  then  came  to  branching  galleries,  along 
which  pipes  were  conducted  for  filling  the  chambers  with  water,  or 
emptying  them.  One  hundred  and  ninety  men  are  employed,  and  the 
yearly  product,  I  was  told,  is  eight  thousand  one  hundred  and  thirty- 
four  tons. 

[_From  Silliman's  Journal.'] 
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ACCOUNT  OF  THE  UNROLLING  of  an  EGYPTIAN  MUMMY, 

WITH    INCIDENTAL    NOTICES    OP    THE   MANNERS,  CUSTOMS,   AND    RELIGION,    OF 
THE  ANCIENT  EGYPTIANS. 

By  T.  J.  PETTIGEEW,  F.R.S.,  F.S.A.,  &c. 

One  of  the  Friday  evenings  so  judiciously  set  apart  by  the  managers  of 
the  Royal  Institution  for  the  communication  of  useful  knowledge,  has 
lately  been  devoted  to  the  consideration  of  the  mummies  of  the  Ancient 
Egyptians,  and  a  lecture  upon  this  subject  was  delivered  on  the  27th  of 
May,  by  Mr.  Pettigrew,  whose  attention  has  been  frequently  directed  to 
this  interesting  subject,  and  the  result  of  whose  researches  have  been 
submitted  to  the  public*.  The  mummy  unrolled  upon  this  occasion  was 
one  purchased  by  Mr.  P.  at  a  late  sale  of  Egyptian  antiquities,  consisting 
of  the  collection  made  by  the  late  Mr.  Salt,  his  Britannic  Majesty's 
Consul  in  Egypt.  The  lecturer  stated  that  he  had  availed  himself  of  the 
opportunity  afforded  by  the  Royal  Institution  to  display  the  mummy  tq 
the  members  and  their  numerous  visitors,  in  obedience  to  the  solicitations 
of  several  distinguished  scholars  and  antiquarians,  and  had  overcome  his 
owTi  scruples  in  appearing  before  his  audience  in  a  public  character, 
believing,  as  he  did,  that  such  an  eflfort  might  be  found  useful  in  exciting 
a  spirit  of  inquiry  into  an  object  of  interest  connected  with  Egyptian 
antiquities,  and  calculated  to  prove  advantageous  in  assisting  to  demon- 
strate the  certainty  of  hieroglyphical  research,  which  he  regretted  to  say, 
notwithstanding  the  great  advances  made  in  the  course  of  a  few  years, 
had  not  yet,  in  the  minds  of  many,  sufficiently  established  its  claim  to 
truth  and  authenticity,  and  was  still  treated  as  being  almost  Avholly 
speculative  and  conjectural.  Mr.  P.,  therefore,  felt  peculiarly  happy  in 
the  present  opportunity  of  putting  this  subject  to  the  test,  in  the  presence 
of  nearly  all  those  t  who  have  been  in  any  way  distinguished  for  their 
knowledge  of  hieroglyphical  literature,  and  whose  labours  have  tended 
so  much  to  illustrate  this  curious  branch  of  literary  history;  and  to 
whom  he  Avas  willing,  on  the  present  occasion,  to  submit  the  translation 
he  had  made  of  some  of  the  principal  passages  depicted  on  the  cases  of  • 
the  mummy,  feeling  satisfied  with  the  decision  of  such  competent  judges; 
and  deeming  it  of  importance  to  show  to  those  who  may  be  sceptical  on 
the  matter,  that  when  so  many  persons  of  known  attainments  can  be 
brought  together  to  agree  as  to  the  interpretation  of  the  inscriptions,  the 
basis  upon  which  they  are  made  must  necessarily  and  obviously  be 
founded  in  truth;  and,  therefore,  likely  to  lead  to  important  and  correct 
results.  With  these  preliminary  observations,  Mr.  Pettigrew  proceeded 
to  consider  the  subject.  He  abstained  from  entering  into  any  considera- 
tion of  the  etymology  of  the  word  Mummy,  whether  it  was  to  be  traced 
to  the  Arabic  noun  mum,  signifying  wax,  or  amomum,  a  kind  of  per- 
fume, as  Salmasius  describes  it;  but  stated  that  he   should  employ  the 

History  of  Egyptian  Mummies,  and  1       -j-  Mr.  Wilkinson,    Mr,    Burton,    Dr. 


an  Account  of  the  Worship  and  Embalming 
of  the  Sacred  Animals  by  the  Egyptians, 
^•c,  4to.  Longman  and  Co.,  1834. 

Vol.  II.  C 


Leemans,  Lord  Prudlioe,   Rev.  Mr.  Tat- 
tam,  Mr.  CuUimore,  &c. 


18  ON    EGYPTIAN    MUMMIES, 

term  on  the  present  occasion  as  applying  to  the  body  embalmed,  and  not 
to  the  embalming  ingredients. 

IMummy,  it  is  well  known,  was,  during  the  sixteenth  century, 
extensively  used  in  medicine,  and  there  were  not  wanting  authorities  of 
high  character  to  vouch  for  its  healing  properties.  A\icenna,  Serapion, 
and  others  among  the  Arabian  physicians,  spoke  loudly  in  its  praise;  and 
in  more  modern  times  Lord  Bacon,  Robert  Boyle,  and  others,  equally 
eulogized  its  virtues.  Lord  Bacon  declares  that  "  Mummy  hath  great 
force  in  staunching  of  blood ;  which,  as  it  may  be  ascribed  to  the  mixture 
of  balmes  that  are  glutinous,  so  it  may  also  partake  of  a  secret  propriety, 
in  that  the  blood  draweth  man's  flesh"'."  And  Boyle  says  it  "is  one  of 
the  useful  medicines  commended  and  given  by  our  physicians  for  falls, 
and  bruises,  and  in  other  cases  toot."  Its  introduction  is  attributed  to 
a  Jewish  physician  named  Elmagar,  a  native  of  Alexandria,  who,  it  is 
said,  was,  as  far  back  as  the  fourteenth  century,  in  the  habit  of  prescribing 
it  to  the  Christians  and  to  the  Mahometans  then  in  the  East,  contending 
for  Palestine.  The  demand  for  it  gave  rise  to  the  spurious  manufacture 
of  mummies,  and  the  traffic  ceased  in  consequence  of  the  importunities 
of  a  Jew  engaged  in  these  practices  at  Damietta,  who,  anxious  to  convert 
a  Christian  slave  to  the  Hebrew  faith,  proposed  to  him  as  an  evidence  of 
the  sincerity  of  his  conversion,  to  submit  to  the  ancient  rite  of  circum- 
cision. To  this  the  boy  objected,  and  was  subsequently  ill-treated  by 
his  master,  whom  he  therefore  denounced  to  the  pacha,  by  whom  the 
Jew  was  thrown  into  prison,  and  fined  in  300  sultanins  of  gold;  this 
being  readily  paid,  the  governors  of  other  provinces,  Alexandria,  Rosetta, 
&c.,  levied  a  ransom  upon  all  engaged  in  the  commerce  of  mummies,  and 
the  Jews,  to  avoid  a  new  oppression,  discontinued  their  trade.  Thus  did 
mummy  cease  to  be  an  article  of  the  Materia  Medica,  and  not  from  any 
discovery  of  its  inefficiency  in  the  cure  of  disease,  to  prove  which,  how- 
ever, the  celebrated  Ambrose  Pare  published  a  treatise. 

The  desire  of  immortality,  Mr.  P.  observed,  is  most  strongly  rooted 
in  the  mind  of  man,  and  innumerable  means  have,  in  all  ages,  and  under 
all  circumstances,  been  devised  to  perpetuate  his  memory  after  death. 
In  no  part  of  the  world  does  this  principle  appear  to  have  acted  so  strongly 
as  in  Egypt;  and  its  ancient  inhabitants  have  not  only  built  huge  pyra- 
mids, and  erected  mighty  temples  and  obelisks,  covered  with  symbols, 
expressing,  in  hieroglyphical  language,  characters  and  events;  but  they 
have  succeeded  beyond  all  other  ages  and  people,  in  preserving  from 
decay  the  remains  of  their  own  fragile  frames.  The  extraordinary  per- 
fection to  which  they  carried  the  art  of  embalming  the  dead  is,  perhaps, 
alone  to  be  accounted  for  by  referring  to  their  theology.  Believing  in 
the  immortality  of  the  soul,  the  ancient  Egyptians  conceived  that  they 
were  retaining  the  soul  Avithin  the  body  as  long  as  the  form  of  the  body 
could  be  preserved  entire,  or  were  facilitating  the  reunion  of  it  vnth  the 
body  at  the  day  of  resurrection,  by  preserving  the  body  from  corruption ; 
and  Herodotus  says,  "  The  Egyptians  are  the  first  that  laid  down  the 
principle  of  the  immortality  of  the  human  soul;  and  that,  when  the 
body  is  dissolved,  the  soul  enters  into  some  other  animal  which  is  born 
at  the  same  time ;  and  that,  after  going  the  round  of  all  the  animals  that 

•  Sylva  Sylvarum,  Cent.  X.,  s.  980.  +  Boyle's  Works,  Vol.  II.  p.  451. 
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inhabit  the  land,  the  waters,  and  the  air,  it  again  enters  the  body  of  a 
man  which  is  then  born.  This  circuit,  they  say,  is  performed  by  the 
soul  in  3000  years*." 

There  is  abundant  testimony  as  to  the  antiquity  of  the  practice  of 
embalming;  but  the  information  possessed  as  to  the  period  of  its  ces- 
sation is  but  scanty.  We  have,  however,  the  evidence  of  St.  Athanasius 
and  St.  Augustine  upon  the  subject,  and  it  is  clear  that  it  was  practised 
as  late  as  the  early  part  of  the  fifth  century.  The  practice  is  distinctly 
alluded  to  by  these  fathers  of  the  Church,  who  tell  us  that  the  Egyptians 
exercised  a  process  by  which  the  bodies  were  rendered  as  durable  as 
brass;  and  St.  Augustine  says,  the  Egyptians  had  a  better  idea  of  the 
resurrection  of  the  body  than  any  other  people.  "  Egyptii  soli  credunt 
resurrectionem,  quia  diligenter  curant  cadavera  mortuorum:  morem 
enim  habent  siccare  corpora  et  quasi  aenea  reddere,  Gabbaras  ea  vocantt." 

Among  the  ancient  authors  to  whom  we  are  indebted  for  accounts 
of  the  processes  of  embalming,  must  be  enumerated  Herodotus,  Diodorus 
Siculus,  and  Porphyry.  Herodotus  and  Diodorus  Siculus  describe,  with 
most  precision,  the  several  modes  of  embalming;  but  Mr.  P.  stated,  that 
it  was  impossible  to  reconcile  all  the  kinds  he  had  even  witnessed  to  the 
<iivision  laid  down  by  these  ancient  authors.  Still  it  must  be  confessed, 
that  their  authority  is  of  the  greatest  importance,  for  there  is  no  one 
circumstance  mentioned  by  them  as  belonging  to  the  process  of  em- 
balming which  is  not  to  be  found,  though  perhaps  not  precisely  in  the 
order  in  which  it  is  described.  The  time  devoted  to  a  lecture  is  insuffi- 
cient to  dwell  upon  these  particulars;  it  would  merely  permit  the  lec- 
turer to  state,  that  three  principal  modes  J  had  been  enumerated,  and 
these  he  briefly  referred  to,  in  order  that  the  kind  which  had  been 
selected  in  the  mummy,  to  be  unrolled  on  this  occasion,  might  be  the 
more  readily  detected. 

In  the  Jirst,  the  most  expensive,  the  brain  was  extracted  through 
the  nostrils  by  the  aid  of  bronze  crochets,  and  injections  of  bitumen  were 
afterwards  thrown  into  the  skull.  An  incision  was  made  into  the  left 
flank,  from  which  the  intestines  were  removed,  then  washed  with  palm 
wine,  sprinkled  with  aromatics,  and  either  returned  into  the  body  or 
placed  in  vases  called  Canopic.  The  body  was  then  steeped  in  a  solution 
of  natrum  for  seventy  days,  at  the  expiration  of  Avhich  time  it  was  washed, 
bandaged  in  cloths,  and  deposited  in  cases. 

In  the  second  mode,  the  brain  was  not  extracted,  no  incision  was  made 
into  the  flank,  but  the  intestines  were  withdrawn  per  anutn;  after  which 
injections  of  oil  of  cedar  and  of  natrum  were  thrown  into  the  body,  and 
it  was  steeped  in  natrum  for  the  specified  time.  Little  beside  skin  and 
bone  remaining,  they  were  given  to  their  friends  without  any  further 
operation.  In  the  third  mode  the  inside  was  washed  with  a  liquor 
called  surmaia  (an  infusion  of  senna  and  cassia),  the  body  placed  in 
natrum,  and  afterwards  delivered  to  the  friends. 

Diodorus  Siculus  is  particular  in  his  relation  respecting  the  funeral 

*  Herodot.  Hist,  lib.  ii.  s.  123.  j  on  this  head,  we  must  refer  to  Mr.  Petti- 

■\  Sermones  cxx.  de  Diver  sis,  cap.  12.       grew's    History    of   Egyptian  Mummies, 
:{:  To  those  of  our  readers  who  may  be     where  the  several  parts  of  the  different 
auxious  for  more    particular  information  |  processes  are  minutely  detailed. 
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ceremonies  of  the  Egyptians.  He  tells  us*  that  the  expense  of  the  first 
jnode  of  burial  was  a  talent  of  silver,  (two  hundred  and  twenty-five 
pounds  English  money) ;  the  second,  twenty  minee,  (seventy-five  pounds 
English);  and  the  third,  a  trifling  sum  not  mentioned.  ]3ut  the  mode 
being  selected,  the  friends  of  the  deceased  leave  the  body  with  the 
embalmers  to  be  prepared.  The  body  being  laid  down,  the  scribe  marks 
the  place  for  the  incision  on  the  left  flank,  which  is  then  made  by  the 
cutter,  or  slitter,  with  an  ^thiopic  stone.  Having  done  this  he  flies 
away  as  fast  as  he  can,  for  even  his  companions  in  the  process  of  em- 
balming pursue  him,  cast  stones  at  him,  and  curse  him,  the  Egyptians 
holding  that  v/hoever  ofifered  violence,  wounded,  or  in  any  way  injured  a 
body  of  the  same  nature  as  himself,  deserved  their  hatred.  The  em- 
balmers they  esteemed  worthy  of  honour  and  respect,  and  we  learn  that 
they  were  familiar  with  the  priests,  and  went  into  the  temples  as  holy  men, 
without  any  prohibition.  Mr.  P.  inferred  from  this  statement  that  they 
were  an  inferior  kind  of  priesthood.  The  incision  being  made,  the  embalmer 
removes  the  intestines  and  other  viscera,  all  except  the  heart  and  kidneys. 
The  intestines,  as  has  been  stated,  are  washed  with  palm-wine,  and  then 
sprinkled  with  aromatics,  sometimes  returned  into  the  body,  and  some- 
times placed  in  canopic  vases.  Porphyiyt  has  handed  down  to  us  the 
prayer  in  the  name  of  the  deceased,  uttered  by  the  embalmers  on  this 
occasion.  It  is  as  follows: — "  O  thou  Sun,  our  lord,  and  all  ye  gods, 
who  are  the  givers  of  life  to  men!  accept  me  and  receive  me  into  the 
mansions  of  the  eternal  gods;  for  I  have  worshipped  piously,  while  I 
have  lived  in  this  world,  those  divinities  whom  my  parents  taught  me  to 
adore.  I  have  ever  honoured  those  parents  who  gave  origin  to  my  body, 
and  of  other  men  I  have  neither  killed  any,  nor  robbed  them  of  their 
treasures,  nor  inflicted  upon  them  any  grievous  evil;  but  if  I  have  done 
anything  injurious  to  my  own  soul,  either  by  eating  or  drinking  anything 
unlawfully,  this  offence  has  not  been  committed  by  me,  but  what  is  con- 
tained in  this  chest,"  meaning  the  intestines,  which,  according  to  this 
author,  are  then  thrown  into  the  river.  The  injections  into  the  body, 
and  the  application  of  the  cedria  and  other  substances,  complete  the 
process. 

According  to  Herodotus,  Diodorus  Siculus,  and  other  historians,  the 
ancient  Egyptians  were  a  people  holding  truth  and  virtuous  conduct  in 
the  highest  estimation.  Their  penal  laws  applying  to  cases  of  homicide, 
parricide,  perjury,  adultery,  rape,  &c.,  mark  the  high  sense  of  justice 
entertained  by  them,  and  this  is  even  carried  to  the  verge  of  the  tomb; 
for  we  learn  from  Diodorus  Siculus  |,  that  upon  the  death  of  any  one, 
the  relations  of  the  deceased  were  obliged  to  announce  to  the  judges 
(assessors  forty-tAvo  in  number)  the  time  at  which  it  was  intended 
to  perform  the  ceremony  of  burial.  This  consisted,  in  the  first  place, 
of  the  passage  of  the  deceased  across  the  lake  or  canal  of  the  de- 
partment, or  nome,  as  it  was  called,  to  which  the  deceased  had 
belonged.  The  jury  being  named,  the  assessors  assembled,  and  the 
court  of  inquiry  was  open  to  all,  so  that  any  accusation  might  be  urged 
against  the  defunct.    Should  his  life  have  been  bad,  the  right  of  sepulture 

*  Biblioth.  Histor.,  lib,  i,  s.  91,  f  De  Abstinentta,  lib,  iv.  cap.  10. 

±   Lib.  i,  s,  92. 
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was  denied  to  him,  which  Was  considered  as  one  of  the  greatest  cala- 
mities that  could  occur.  If,  on  the  contrary,  the  life  of  the  deceased 
had  been  well-conducted  and  blameless,  and  that  no  reproach  could 
attach  to  his  memory,  an  eulogium  was  pronounced  upon  him,  and  he 
was  permitted  to  be  entombed  with  all  due  honour.  Diodorus  Siculus 
informs  us,  that  in  these  eulogies  no  mention  was  ever  made  of  the 
race  or  family  of  the  defunct,  all  the  Egyptians  being  considered  equally 
noble.  No  one  was  exempt  from  this  ordeal, — kings  as  well  as  the 
ordinary  people  were  subjected  to  the  same  inquiry, — those  avIio  during 
life  no  one  dared  to  reproach,  or  whose  actions  no  one  dared  to  question, 
when  dead  were  submitted  to  a  rigorous  examination.  A  public  audience 
was  given  to  hear  all  accusations  against  the  deceased  monarch.  The 
priests  commenced  by  making  his  eulogy,  and  recounting  his  good  actions. 
If  the  general  opinion  of  the  people  as  to  the  government  and  conduct 
of  the  monarch  corresponded  with  that  of  the  priests,  the  multitude 
poured  forth  their  acclamations;  but  if  the  contrary,  murmuring  suc- 
ceeded: and  Diodorus  Siculus  says,  there  have  not  been  wanting  instances 
of  the  denial  of  burial  to  a  deceased  sovereign,  in  accordance  with  the 
decision  of  the  people.  M.  Champollion  saw  in  Biban-el-Molouk,  the 
tomb  of  a  king,  in  which  the  sculpture  had  been  defaced  from  one  end 
to  the  other,  except  in  those  parts  where  were  sculptured  the  images  of 
the  queen,  his  mother,  and  of  his  Avife,  which  have  been  most  religiously 
respected,  as  well  as  the  hieroglyphical  legends  relating  to,  them.  M. 
Champollion  conceives  this  to  have  been  the  tomb  of  a  king,  condemned 
by  the  judgment  after  his  death,  and  denied  the  rite  of  burial "". 

Mr.  Pettigrew  illustrated  this  part  of  his  subject  by  reference  to 
some  drawings,  and  to  papyri,  that  had  been  found  within  the  cases 
enclosing  the  mummies.  He  exhibited  drawings  of  three  funeral  boats, 
which  are  exceedingly  curious ;  two  of  these  were  lately  purchased,  at  a 
very  high  price,  for  the  British  Museum ;  the  third,  discovered  by  Signor 
Passalacqua,  in  1823,  in  a  family  sepulchral  chamber,  in  the  Necropolis 
of  Thebes,  is  in  the  collection  belonging  to  the  Prussian  government,  at 
Berlin.  These  boats  are  all  of  similar  construction,  but  the  latter 
appeared  to  be  the  most  complete,  and  was  therefore  particularly  de- 
scribed. The  boat,  or  bari,  is  cut  out  of  sycamore-wood,  and  measures 
two  feet,  eight  inches,  and  six  lines,  French  measure.  The  boat  is  fur- 
nished with  a  large  projecting  portion  of  wood  at  the  prow  and  at  the 
poop.  In  the  centre  is  a  male  mummy  extended  on  a  sofa,  or  table,  of 
which  the  legs  are  formed  of  the  limbs  of  a  lion ;  this  is  surmounted  by 
a  canopy,  on  which  are  inscribed  various  hieroglyphical  characters,  and 
is  supported  by  six  pillars,  painted  successively  in  red,  black,  white,  and 
green.  At  the  head  and  feet  of  the  mummy  are  two  female  figures; 
one  of  them  is  in  an  attitude  of  great  grief  and  desolation,  represented  by 
the  hair  of  her  head  falling  upon  the  mummy,  whilst  her  arms  are  em- 
ployed in  embracing  the  deceased;  the  hands  of  the  other  are  placed 
upon  the  feet  of  the  mummy.  Four  priests  are  seated  upon  the  deck  of 
the  vessel,  one  at  each  comer  of  the  table,  or  bier,  whilst  another  in  front 
is  observed  to  be  holding  out  a  MS.  unrolled  before  him,  and  appears  to 
be  delivering  a  funeral  oration.     Another,  a  sacrificer,  is,  with  knife  in 

*  Lettres  ecrites  d'Egypte  et  de  Nubie,  p.  96. 
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hand,  prepared  to  immolate  an  ox,  which  lies  bound  at  his  feet.  The 
first  figure  on  the  prow  has  his  right  arm  extended,  and  appears  to  be 
watching  the  course  of  the  vessel.  The  pilot,  Avho,  from  his  long  white 
tunic,  may  be  supposed  to  be  a  priest,  is  seated  at  the  poop  between  the 
two  oars,  the  mechanism  for  moving  which  is  very  curious.  ITie  oars 
and  the  pillars  on  which  they  move  are  crowned  with  the  head  of  a 
hawk.  The  body  of  the  vessel  is  of  a  green-colour,  the  extremities  of  a 
deep-blue  tinge.  Paints  and  frames,  to  serve  in  the  representation  of 
religious  ceremonies,  are  lying  on  the  vessel,  and  at  the  sides  of  the  fore- 
part are  emblematical  representations  of  the  sacred  eye,  the  eye  of  Osiris, 
which  is  also  represented  on  the  fore-part  of  the  oars,  surrounded  by 
leaves  of  the  lotus.  The  plank  to  descend  from  the  vessel,  and  the  pegs 
to  fasten  it,  together  with  the  club  to  drive  them  into  the  earth,  are  also 
on  the  deck.  The  male  figures  in  the  vessel  have  a  red  tinge  of  counte- 
nance, the  women  a  yellow  one,  which  corresponds  with  what  is  com- 
monly seen  in  the  ancient  Egyptian  paintings.  It  is  to  be  observed  that 
the  priests,  as  well  as  the  females,  have  their  heads  well  covered  with 
hair,  which  was  permitted  to  grow  during  the  term  assigned  for  the 
mourning  for  the  dead.  This  induced  Signor  Passalacqua  to  conceive 
the  funeral  ceremony  here  represented  to  be  that  of  a  priest,  and  the 
hieroglyphical  inscription  on  the  MS.  reads,  according  to  M.  Champollion, 
"  Grand-Pretre."  In  the  tomb,  in  which  three  coffins  or  cases,  enclosed 
one  within  another,  were  found,  these  hieroglyphical  symbols  were  seen 
marked  upon  each,  together  with  the  names  of  difierent  divinities,  to  the 
worship  of  which,  probably,  the  deceased  had  been  particularly  devoted. 

The  papyri  exhibited  represented  Osiris  seated  in  judgment,  sup- 
ported by  Isis  and  Nepthys,  the  wife  and  sister  goddesses.  Before  the 
deity  is  placed  the  lotus,  and  over  this  the  Four  Genii  of  the  Amenti*. 
Thoth,  the  Egyptian  Mercury,  is  introducing  the  deceased  (a  priest 
apparently,  from  his  habiliments  and  shaven  head),  and  is  prepared  to 
record  the  judgment  on  a  roll  of  papyrus,  which  he  holds  in  one  hand, 
whilst  he  is  furnished  with  a  style  to  accomplish  this  in  the  other.  The 
deceased  is  in  an  imploring  attitude,  with  his  arms  extended  towards 
Osiris,  and  he  is  supported  by  a  figure  emblematical  of  Truth  and  Justice. 
Above  the  deceased  are  ranged,  in  two  rows,  the  forty-tAvo  assessors,  as 
described  by  Diodorus  Siculus;  and  before  the  deceased  is  a  balance,  in 
which  is  being  weighed  the  deeds  and  actions  of  his  life.  His  heart  is 
represented  in  a  vase  placed  in  one  scale,  and  a  feather,  typical  of  truth, 
in  the  other.  Anubis  (the  jackal-headed  god,  and  one  of  the  principal 
deities  of  the  Amenti,  and  whose  chief  office  appears  to  have  been  to 
superintend  the  departure  of  the  soul)  is  regulating  or  directing  the 
balance. 

Mr.  Pettigrew  now  proceeded  to  make  a  few  observations  on  some  of 
the  points  named  by  Herodotus,  as  appertaining  to  the  embalment,  and 


•  These  are  Netsonof  or  Kebhnsnof, 
with  the  hawk's  head ;  Smop,  or  Smautf, 
with  the  jackal's  head;  Hapee,  with  the 
head  of  the  cynocephalus,  and  Amset 
with  the  human  head.  Amenti  or  Amun- 
Ti,  in  Coptic,  exactly  corresponds  with 
aStis  in  Greek.  It  signifies  both  Receiver 


and  Giver;  and  Mr.  Wilkinson  has  there- 
fore justly  remarked,  that  it  implies  only 
a  temporary  abode.  Now  it  must  be  recol- 
lected, that  this  corresponds  with  the  idea 
of  the  Egyptians  returning  agaui  to  the 
earth  after  a  short  period. 
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first  drew  the  attention  of  his  auditors  to  the  extraction  of  the  brain 
through  the  nostrils.  This  process,  he  remarked,  would  be  found  to  be 
one  of  considerable  difficulty;  and  Greenhill,  who  wrote  a  work  on 
embalming,  treats  the  extraction  of  the  brain  through  the  nostrils  as 
"an  amusing  story  of  a  thing  impracticable  and  ridiculous."  Mr.  P. 
however,  demonstrated  the  truth  of  the  relation,  by  exhibiting  a  specimen 
of  a  Greeco-Egyptian  mummy,  in  which  the  process  had  been  adopted  in 
so  complete  a  manner  as  not  to  leave  even  a  vestige  of  any  of  the 
membranes  surrounding  the  brain,  which  usually  hold,  with  the  greatest 
firmness,  their  attachments  to  the  inside  of  the  skull,  and  this  was 
effectually  accomplished  without  producing  any  disfigurement  whatever 
of  the  external  part  of  the  nasal  organ.  It  appears  that  an  instrument 
must  have  been  introduced  up  the  external  nares,  made  to  pierce  through 
the  ethmoid-bone,  and  then  by  a  rotatory  motion,  Mr.  P.  thinks,  made 
to  break  down  the  surrounding  parts  of  the  frontal  and  sphenoid  bones, 
so  as  to  occasion  an  opening  about  the  size  of  a  crown-piece,  through 
which  the  contents  of  the  skull  were  extracted.  Mr.  P.  has  other 
examples  in  his  possession;  but  he  exhibited  the  Grasco-Egyptian  speci- 
men as  the  most  complete.  Of  the  instrument  with  which  this  was 
effected,  Mr.  P.  exhibited  a  drawing  obtained  from  specimens  in  the 
Berlin  Museum,  and  seen  in  Plate  I.,  (p.  24,)  figs.  1,  2.  Their  compo- 
sition is  of  bronze. 

In  those  mummies  in  which  the  second  mode  of  Herodotus  was 
adopted,  the  brain  was  not  extracted;  and  Mr.  P.  exhibited  an  instance 
to  show  that  it  had  settled  down  into  a  cake-like  mass,  and  had  taken 
the  form  of  the  back  part  of  the  skull,  being  marked  by  the  internal 
ridges  of  the  crucial  spine  of  the  occipital  bone,  Avhich  also  clearly 
showed  that  the  position  in  which  the  mummy  had  been  placed,  was  an 
horizontal  one.  After  the  brain  had  been  extracted  from  the  skull,  it 
was  customary  to  introduce  a  quantity  of  linen  through  the  nostrils  into 
the  cavity;  and  in  the  mummy  opened  by  Mr.  Davidson,  at  the  Royal 
Institution,  in  1833,  Mr.  P.  saw  in  this  instance  nine  yards  of  linen, 
three  inches  in  breadth,  withdrawn  from  the  head. 

In  the  head  of  a  mummy  brought  from  Thebes  by  Mr.  Wilkinson, 
in  which  the  brain  had  been  extracted  in  the  manner  described,  and  the 
nostrils  plugged  up,  Mr.  P.  found,  in  the  cavity  of  the  skull,  a  quantity 
of  insects  in  various  stages  of  maturity,  and  sufficiently  perfect  to  admit 
of  an  accurate  description  and  delineation  of  their  several  organs.  These 
Mr.  P.  has  figured  in  his  History  of  Egyptian  Mummies,  and  has  named 
them  Necrobia  viumiarum  and  Dermestes  pollinctus.  They  are  species 
quite  distinct  from  any  to  be  met  with  in  the  cabinets  of  natural  history, 
or  in  any  published  work.  The  Rev.  W.  F.  Hope,  the  best  entomologist 
of  the  day,  has  minutely  examined  them.  He  states  the  Necrobia 
mumiarum  to  be  closely  allied  to  the  Necrobia  r^ifipes  of  Fabricius;  but 
he  thinks  it  differs  in  colour.  It  is,  however,  not  improbable  but  that  the 
embalming-materials  may  have  had  some  effect  in  producing  the  present 
colour  of  the  insects;  and  Mr.  Hope  is  of  opinion  that  the  natural  colour 
of  the  insect  was  a  violet  or  deep  purple  colour.  The  Dermestes  pol- 
linctus is  also  different  from  any  known  species  of  this  insect.  It  re- 
sembles  in   form   the   Dermestes  domesticus   of  Siberia,   described   by 
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Stevens.  Mr.  P.  obtained  from  one  skull  nearly  three  hundred  tolerably 
perfect  insects.  There  were  also  abundant  fragments;  the  perfect  pupae 
were  not  numerous,  but  the  great  quantity  of  empty  cases  showed  that 
the  greater  part  had  arrived  at  the  imago  state  some  time  after  the 
process  of  embalming  was  completed.  The  head  was  not  always  filled 
with  linen,  for  Mr.  P.  found  in  another  specimen  a  large  quantity  of 
bituminous  matter,  and  the  same  occurred  in  an  instance  to  Dr.  Mead. 

Passing  on  to  the  mode  of  treating  the  body  of  the  mummy,  Mr.  P. 
remarked,  that  the  statement  made  by  Herodotus  as  to  the  incision  in 
the  left  Jlank  had  been  clearly  verified,  and  most  mummies  presented 
examples  of  that  part  of  the  process.  By  this  incision  the  viscera,  both 
of  the  chest,  and  belly,  and  pelvis,  were  extracted,  and  the  cavities  Avere 
filled  sometimes  with  the  dust  of  cedar  or  cassia  wood  (it  is  supposed), 
various  aromatics  (lumps  of  myrrh  have  been  found),  masses  of  pitch, 
and  quantities  of  saline  -matter  mixed  with  earthy  substances.  The 
mummy  of  Horseisi,  unrolled  by  Mr.  P.  at  the  Royal  College  of  Surgeons, 
in  1 834,  had  a  very  large  quantity  of  natrum  and  earth  contained  vsdthin 
it.  The  mummy  of  Kannop,  at  the  London  University,  was  filled  with 
the  dust  of  some  wood  mixed  with  aromatics;  and  the  mummy  brought 
into  this  country  by  Dr.  Perry,  and  described  by  him  in  his  View  of  the 
Levant,  &c.,  which  has  been  unrolled  by,  and  is  in  the  possession  of, 
Mr.  P.,  had  large  quantities  of  pitchy  matter  in  all  the  cavities  of  the 
body. 

The  instrument  with  which  the  flank  or  ventral  incision  is  made,  has 
been  stated  by  Diodorus  Siculus  to  have  been  done  with  an  Ethiopic 
stone.  Passalacqua  found  some  of  pyromachous  silex  (according  to 
Brogniart),  and  one  of  these  is  figured  in  Plate  I.,  fig.  5;  but  in  the 
collection  of  antiquities  belonging  to  the  University  of  Leyden,  there  is 
a  knife  of  silex,  which  is  supposed  to  have  been,  from  its  shape,  capable 
of  making  the  incision  at  one  stroke.    It  is  represented  in  Plate  I.,  fig.  4. 

The  intestines,  liver,  &c.,  were  sometimes  returned  into  the  body, 
each  portion  or  viscus  being  separately  rolled  up  in  bandages.  In  the 
mummy  of  Horseisi  there  were  five  distinct  portions;  these  are  preserved 
in  the  Hunterian  Museum  belonging  to  the  college.  In  other  instances 
the  viscera  have  been  found  placed  either  upon  the  body  or  between  the 
thighs  and  legs  of  the  mummy;  and  in  Mr.  P.'s  Graeco-Egyptian  mummy, 
he  found  the  heart  placed  between  the  thighs,  but  not  enveloped  in  any 
bandage.  This  was  the  only  part  from  within  the  body  that  was  pre- 
served in  this  instance;  and  it  is  therefore  probable  that  the  other 
viscera  were  disposed  of  in  the  canopic  vases  which  are  so  frequently 
foimd  in  the  better  kind  of  private  tombs,  but  which  did  not  come  into 
this  country  with  the  mummy  in  question.  Mr.  P.  observed,  that  it  was 
evident  some  long  cutting-instrument  must  have  been  introduced  to 
extract  the  viscera,  for  he  found  in  his  Grasco-Egyptian  mummy,  in 
which  there  was  no  flank-incision,  an  opening  made  close  to  the  rectum, 
and  through  which  all  the  pelvic,  abdominal,  and  thoracic  viscera  had 
been  dragged,  that  there  were  at  the  bottom  of  the  neck  in  the  chest, 
portions  remaining  of  the  wind-pipe,  the  large  blood-vessels,  &c.,  which 
presented  in  the  most  indisputable  manner  cut  surfaces.  These  parts 
had  been  preserved  in  spirits,  and  were  exhibited  by  Mr.  P.  on  this 
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occasion.  The  instrument  by  which  Mr.  P.  conceives  the  intestines  were 
in  ordinary  cases  dragged  out  through  the  incision  in  the  flank,  is  repre- 
sented in  Plate  I.  fig.  3,  which  is  a  representation  taken  from  a  specimen 
in  the  fine  collection  of  Egyptian  antiquities  at  Leyden.  The  edges  of 
the  incision  in  the  flank,  Mr.  P.  has  never  seen  sewed  together;  they 
have  been  merely  placed  in  apposition. 

According  to  Herodotus  the  application  of  the  resinous  matter 
which  lies  over  the  surface,  and  penetrates  into  the  substance  of  the 
body  of  the  mummy,  takes  place  after  the  steeping  of  the  body  in  the 
solution  of  natrum.  This  must,  however,  be  an  error,  for  it  is  clear  that 
the  salt,  which  Mr.  P.  has  ascertained  to  be  a  fixed  alkali  composed  of 
carbonate  of  soda,  sulphate  of  soda,  and  muriate  of  soda,  and  of  Avhich 
large  crystals  are  frequently  found  in  the  cavities  of  the  mummified 
bodies,  could  not  penetrate  after  the  application  of  the  pitchy  matter. 
In  this  latter  process  it  is  clear  that  a  considerable  degree  of  heat  must 
have  been  employed  to  promote  the  absorption  of  the  resinous  matter, 
and  this  was  found  in  the  Grseco-Egyptian  mummy  to  be  efi'ected  in  the 
most  perfect  manner,  for  the  pitch  had,  along  with  aromatics,  entered 
into  the  most  minute  cancelli  of  the  bones;  the  vertebrae  of  the  back 
were  completely  saturated  with  the  substance.  The  epidermis  or  cuticle 
of  the  body  is  in  all  cases  found  to  have  been  very  carefully  removed, 
which  is  most  likely  done  at  the  time  of  the  steeping  in  the  solution  of 
natrum,  and  from  Avhich  previous  process  the  pitchy  matter  would  obtain 
a  much  more  ready  entrance.  As  the  nails  are  attached  to  the  epidermis, 
and  as  the  object  of  the  ancient  Egyptians  appears  to  have  been  to  pre- 
serve, as  entire  as  possible,  the  body  of  the  individual  submitted  to  this 
curious  process,  great  care  seems  to  have  been  taken  to  prevent  their 
detachment.  In  several  instances  in  Mr.  P.'s  possession,  the  cuticle  has 
been  cut  off  close  to  the  root  of  the  nail,  and  in  some  cases,  where  the 
whole  of  the  cuticle  has  been  taken  away,  by  perhaps  an  advanced 
stage  of  putrefaction  having  ensued  prior  to  the  embalment,  for  in  a  cli- 
mate of  so  elevated  a  temperature  as  that  of  Egypt,  this  decomposition 
must  proceed  very  rapidly,  he  has  found  the  nails  tied  on  to  the  fingers. 

Upon  the  surface  of  the  body  it  is  not  unusual  to  meet  with  some 
appearances  of  crystallization.  On  the  Graeco-Egyptian  mummy  there 
were  so  many  crystals  that  Mr.  P.  was  enabled  to  collect  a  sufficient 
quantity  to  be  submitted  to  the  analysis  of  Mr.  Faraday.  This  talented 
chemist  describes  the  crystallization  as  very  perfect  and  acicular,  and, 
from  their  appearance,  he  supposes  them  to  be  the  result  of  sublimation; 
but  when  the  substance  is  heated,  it  does  not  prove  to  be  volatile.  It 
fuses,  and  upon  cooling  concretes  again,  crystallizing  the  whole  like 
spermaceti.  It  burns  with  a  bright  flame,  and  evidently  abounds  in 
carbon  and  hydrogen.  It  is  not  soluble  in  water,  and  has  the  odour 
when  heated,  of  a  fatty  matter;  but  then  alkali  acts  very  feebly  upon  it, 
and  dissolves  only  a  very  small  portion.  On  the  contrary,  it  is  very 
soluble  in  alcohol,  the  solution  being  precipitated  by  water.  The  sub- 
stance Mr.  Faraday  conjectured  might  probably  be  a  result  of  slow  action 
upon  organic  (perchance  animal)  matter ;  and  has,  perhaps,  been  assisted 
in  its  formation  by  heat.  These  crystals  are  quite  different  from  those 
found  on  the  body  of  the  mummy  opened  at  Leeds,  which  were  ascertained 
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to  be  of  natrum  employed  in  the  embalming;  they  rather  resemble  those 
described  by  Dr.  Granville,  as  found  studded  on  the  inner  surface  of  the 
skull  of  his  mummy  {Phil.  Trans.,  1825),  and  which  appeared  to  him 
to  consist  of  an  animal  substance  resembling  steatine. 

The  ornamenting  of  the  bodies  of  the  mummies  has  always  excited 
much  attention;  but  a  sufficient  number  have  not  yet  been  examined  to 
determine,  with  anything  like  accuracy,  the  reasons  Avhich  produced 
so  great  a  diversity  as  has  been  observed.  It  is  probable,  as  we  can 
now,  from  a  knowledge  of  the  hieroglyphics,  ascertain  the  condition  of 
the  embalmed  individual,  that  by  an  attentive  examination  and  com- 
parison of  other  mummies,  we  may  be  able  to  ascertain  whether  particular 
classes  received  any  particular  kind  of  ornament,  or  whether  it  was 
merely  the  result  of  an  ability  on  the  part  of  the  relatives  of  the  deceased 
to  go  to  such  an  expense  in  the  process.  The  Graeco-Egyptian  mummy 
exhibited  by  Mr.  P.  has  been  gilt  over  the  Avhole  of  the  anterior  surface 
of  the  body,  from  the  crown  of  the  head  to  the  extremity  of  the  toes,  and 
large  patches  of  gold,  shining  with  a  brilliancy  equal  to  that  which  it 
presented  on  the  day  of  its  application  are  still  observable  on  several 
places.  On  the  head  there  remains  a  considerable  quantity,  and  also  on 
the  hands,  the  thighs,  and  the  legs;  a  great  portion  came  away  with  the 
bandages,  which  were  in  this  instance  fixed  with  extraordinary  firmness 
by  the  pitchy  matter  to  the  surface  of  the  body.  Sometimes  the  gilding 
is  confined  to  particular  parts  of  the  body,  and  has  been  found  only  on 
the  nails  of  the  fingers  and  toes,  or  upon  the  eye-lids,  or  the  lips,  on  the 
face,  or  on  the  sexual  organ.  Abd-AUatif  mentions  leaves  of  gold  on  the 
forehead,  eyes  and  nose,  and  on  the  female  organs  of  generation.  He 
states  that  it  was  customary  to  lay  a  small  leaf  of  gold  on  the  body,  and 
in  some  instances  to  place  a  lingotof  gold  in  the  mouth,  and,  upon  the 
authority  of  a  cadi  of  Bousir,  three  lingots  had  been  removed  from  the 
mouth  of  a  mummy,  and  these  weighed  nine  mithkals,  that  is  one  drachm 
and  a  half  Arabic — ninety  grains,  one  grain  Arabic  being  equal  to  two- 
thirds  English.  A  drawing  of  a  plate  of  gold  Avhich,  according  to  the 
hieroglyphics  upon  it,  belonged  to  the  time  of  Ramses  the  Great,  was 
brought  from  Egypt  by  Mr.  "Wilkinson  for  Mr.  Pettigrew,  and  this  is  the 
only  instance  of  the  kind  known  to  this  distinguished  traveller.  On  Mr. 
P.'s  Graeco-Egyptian  mummy  the  gold-leaf  appears  to  have  been  laid  on 
in  square  portions,  and  Avhere  the  surface  has  not  been  completely 
covered,  an  additional  square  piece  has  been  placed,  so  that  the  leaf 
being  there  thicker,  remains  more  conspicuous  than  that  upon  other 
parts.  A  large  quantity  is  upon  both  of  the  hands,  but  the  nails  are  not 
gilt,  they  appear  to  have  been  stained  with  the  henna,  the  Laivsonia 
inermis  of  Forskahl,  the  gopher  of  Scripture,  and  the  cypress  of  the 
Greeks.  Mr.  P.  considers  the  gilded  mummies  as  belonging  chiefly,  if 
not  exclusively,  to  the  Graeco-Egyptian  aera,  and  he  thinks  the  instances 
of  them  are  so  numerous,  that  this  process  is  not  to  be  considered  as  one 
pursued  in  persons  of  the  highest  rank  and  importance  only,  but  pro- 
bably adopted  in  all  those  cases  in  which  the  relatives  were  able  to 
sustain  the  expense  charged  for  such  an  addition  to  the  ordinary  embalm- 
ing-process. Passalacqua  is  of  opinion,  that  all  the  mummies  found  to 
have  been  gilt  on  the  flesh  are  Greeks,— the  mummies  of  those  Greeks 
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who  either  in  the  time  of  the  Pharaohs  or  Lagides  were  living  in  Egypt. 
Many  of  these  have  been  found  with  Greek  inscriptions  or  characters 
impressed  on  the  bandages  or  cases.  The  form  of  the  head  of  Mr.  P's 
Grseco-Egyptian  mummy  would  seem  to  bear  out  this  opinion,  for  its 
shape  is  widely  different  from  that  of  the  ancient  Egyptian  head,  which 
in  its  form  approaches  somewhat  to  that  of  the  Negro:  but  the  hair,  it 
must  be  recollected,  has  never  been  found  to  be  woolly.  There  was  no 
inscription  upon  Mr.  Ps  Graeco-Egyptian  mummy,  but  it  is  not  impro- 
bable that  the  outer  covering,  which  might  have  held  it,  had  been 
removed  before  it  was  brought  into  this  country.  It  cannot  be  a  matter 
of  surprise  that  the  Greeks,  who  adopted  so  much  of  the  mythology  of 
the  Egyptians,  should  also  have  adopted  their  manners  in  the  treatment 
of  their  dead.  The  body  of  Alexander  was  enclosed  in  a  covering  of 
gold,  a  sort  of  chase-work,  and  of  such  a  nature  that  it  could  be  applied 
so  closely  to  the  skin,  as  to  preserve  not  only  the  form  of  the  body,  but 
also  to  give  the  expression  of  the  features  of  the  countenance. 

Gold  is,  however,  not  the  only  matei'ial  found  in  contact  with  the 
body,  for  various  ornaments  are  frequently  met  with, — necklaces,  com- 
posed of  different  coloured  substances,  of  lapis-lazuli,  cornelian,  agate, 
jasper,  and  basalt.  From  these  Mr.  P.  has  seen  suspended  a  representa- 
tion of  the  scarabaeus,  and  those  instances  have  all  been  priests.  The 
scarabaei  are  found  not  Avithin  but  upon  the  body,  and  in  contact  vdth 
the  flesh;  they  have  sometimes  hieroglj-phical  inscriptions  upon  them, 
either  written  or  carved.  Mr.  P.  found  a  scarabaeus  on  the  mummy  of 
Horseisi,  at  the  Royal  College  of  Surgeons,  and  also  upon  Mr.  Davidson's 
miunmy.  These  two  mummies  were  prepared  precisely  in  the  same  way, 
the  cases  were  of  the  same  kind  and  arrangement,  the  bandages  alike,  a 
necklace  and  scarabaeus  round  the  neck  and  on  the  breast  of  each,  and 
the  place  of  eyes  supplied  with  artificial  ones,  made  up  of  ivory  and 
black  composition.  They  came  also  out  of  the  same  tomb,  and  were 
brought  into  this  country  by  Mr.  Henderson  in  1820. 

The  Bandages  with  which  the  body  is  swathed  have  hitherto  been 
regarded  as  composed  of  cotton;  but  linen  has  been  mentioned  by  many 
travellers,  though  no  satisfactory  evidence  had  been  offered  on  the  subject 
until  the  mummy-cloth  from  Mr.  Ps.  Graeco-Egyptian  mummy  was 
examined  by  Dr.  Ure.  To  this  gentleman  is  unquestionably  due  the 
discovery  of  their  proper  texture,  and  this  knowledge  was  acquired  by  the 
aid  of  the  microscope*.  Dr.  Ure  and  Mr.  P.  made  a  precise  and  accu- 
rate examination  of  the  nature  of  the  Egyptian  cloth,  and  the  various 
kinds  of  cotton ;  and  the  following  statement  may  be  relied  u|>on  as  the 
indisputable  result  of  these  researches  into  the  structure  of  the  textile 
fibres  of  flax  and  cotton. 

"  The  filaments  of  cotton  are  almost  never  true  cylinders,  but  are 
more  or  less  flattened  and  tortuous,  so  that  when  viewed  under  the 


"  It  would  perhaps  be  unjust  not  to 
mention  that,  subsequent  to  Dr.  Ure's  re- 
searches, and  Mr.  Pettigrew's  statement 
respecting  them  in  his  History  of  Egyp- 
tian Mummies,  Mr.  James  Thomson  pub- 
lished a  paper  "On  the  Mummy-cloth 
of  Egypt,"  in  the  London  a7id  Edinburgh 


Philosophical  Magazine,  from  which  it 
appears  that  the  author  had  been  led 
to  employ  the  microscope  for  the  same 
purpose  as  that  adopted  by  Dr.  Ure,  and 
it  is  satisfactory  to  find  that  the  conclu- 
sions come  to  by  both  these  experimenters 
agree  in  the  most  complete  manner. 
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microscope  they  appear  in  one  part  like  a  riband  from  the  one-thousandth 
to  the  twelve-hundredth  part  of  an  inch  broad,  and  in  another,  like  a 
sharp  edge  or  narrow  line.  They  have  a  pearly  translucency  in  the 
middle  space,  with  a  dark  narrow  border  at  each  side,  like  a  hem. 
When  broken  across,  the  fracture  is  fibrous  or  pointed.  Mummy-cloth 
tried  by  these  criteria  in  the  microscope  appears  to  be  composed,  both  in 
its  warp  and  woof  yarns,  of  flax,  and  not  of  cotton.  A  great  variety  of 
the  swathing  fillets  have  been  examined  with  an  excellent  achromatic 
microscope,  and  they  have  all  evinced  the  absence  of  cotton  filaments." 

Mr.  P.  exhibited  several  diagrams  to  illustrate  this  part  of  his  sub- 
ject. In  the  first  place  he  showed  the  cotton-fibre  penetrated  Avith 
Canada  balsam.  This  highly-refractive  medium  makes  the  edges  of  the 
riband-form  filament  appear  thicker,  and  the  middle  part  thinner  than 
they  really  are;  but  it  thereby  displays  more  plainly  the  twisted  or 
tortuous  structure  of  cotton.  Another  view  represented  filaments  of 
Smyrna  cotton  without  balsam,  viewed  in  contact  with  a  micrometric 
glass  scale,  divided  by  parallel  lines  1000th  of  an  inch  apart.  The  tape- 
like filaments  of  this  cotton  are  fit  only  for  making  candle-Avicks,  being 
very  irregular  in  form  and  breadth.  Another  diagram  exhibited  the  fine 
Sea  Island  Georgian  cotton,  with  its  regular  cork-screw  fibres,  one-half 
the  breadth  of  the  Smyrna  cotton,  and  capable  of  being  spun  into  threads 
so  fine,  that  one  pound  of  cotton  may  reach  210  miles,  i.  e.,  from  London 
to  Paris  in  a  straight  line.  Along  the  middle  of  the  flat  filaments  of 
cotton,  beautiful  veins  like  embroidery  run;  and  the  substance  has  a 
pearly  lustre  in  the  microscope.  The  edges  have  always  the  appearance 
of  a  thickened  list.  Filaments  of  flax  viewed  in  air,  and  also  in  balsam, 
Avere  represented.  These  filaments  have  a  glassy,  not  a  pearly  lustre, 
and  they  are  regular  cylinders  like  capillary  glass  tubes.  When  broke 
across,  the  fracture  is  smooth;  where  the  cross  rupture  of  cotton  is 
ragged.  When  flax  is  viewed  in  balsam  it  appears  to  have  a  great  many 
irregular  transverse  lines,  a  few  of  which  go  round  the  circumference; 
but  most  of  them  are  only  partial  markings. 

These  appearances  enable  us  to  distinguish  flax  from  cotton  with 
perfect  precision,  and  to  detect  a  single  pearly-riband  of  cotton  among  a 
multitude  of  flaxen  cylinders.  Not  one  filament  of  cotton  has  hitherto 
been  detected  in  any  of  the  mummy-cloths  unrolled  from  the  Egyptian 
mummies.  The  Peruvian  mummies,  however,  of  which  Lord  Colchester 
brought  home  specimens  from  the  tombs  of  Arica  in  1831,  and  presented 
them  to  the  British  Museum,  have  been  found  by  Dr.  lire's  investigation 
to  be  swaddled,  partly  in  cotton-cloth,  and  partly  in  a  mixed  fabric  woven 
of  cotton  carded  and  spun  with  the  wool  of  the  vicugna,  an  animal  still 
abounding  in  Peru.  The  Peruvians,  at  the  period  of  Pizarro's  conquest 
of  their  kingdom,  do  not  appear  to  have  been  acquainted  with  flax. 

The  quantity  of  bandages  upon  some  of  the  mummies  is  very  con- 
siderable, as  much  as  1000  yards  have  been  found.  The  bandages  from 
Mr.  Davidson's  mummy  weighed  29 5  lbs.;  those  from  the  mummy  of 
Horseisi,  35 5  lbs.  The,  size  and  texture  vary  exceedingly;  in  general 
they  are  in  the  form  of  rollers,  about  five,  six,  or  seven  inches  in  breadth 
and  between  five  and  six  yards  in  length.  Compresses,  generally  formed 
of  old  linen,  oftentimes  darned  and  stitched  up,  are  often  placed  between 
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the  rollers  to  make  the  surface  even,  and  occasionally  a  large  sheet  or 
envelope  surrounds  the  entire  body.  The  coarsest  kinds  Mr.  P.  has 
always  found  placed  nearest  to  the  body,  the  finest  towards  the  exterior; 
it  varies  from  the  finest  texture,  resembling  the  most  delicate  muslin,  to 
that  of  a  very  coarse  description,  almost  like  sacking.  The  bandages 
were  not  all  placed  on  at  the  same  time,  and  Mr.  P.  thinks  it  would  be 
impossible  to  apply  them  with  the  extreme  exactness  which  is  always 
observed,  unless  they  were  put  on  wet.  The  different  stages  of  the 
bandaging  is  also  apparent,  from  the  inscriptions  upon  different  portions; 
these  are  always  at  the  ends  of  the  rollers,  and  generally  give  the  name 
of  the  deceased, — it  occurred  five  times  in  the  mummy  of  Horseisi. 

The  colour  of  the  bandages  depends  upon  the  matter  in  which  they 
have  been  soaked.  The  Egyptians  were  well  acquainted  with  the  anti- 
septic quality  of  vegetable  infusions.  Mr.  Davidson  thinks  the  colour 
owing  to  the  gum  of  an  acacia, — the  sount  (the  thorn  of  Thebais  of 
Strabo).  Abd-AUatif  says,  aloes  and  goudron,  others  resin.  It  is  pro- 
bable that  various  substances  have  been  employed.  The  colour  is  fixed; 
it  cannot  be  washed  out.  The  bandages  have  been  found  of  different 
colours,  Imt  principally  of  a  chocolate-colour,  or  a  pinkish  tinge,  or  of  a 
nankin,  which  is  the  ordinary  hue.  Mr.  P.  has  seen  instances  of  the 
union  of  these  in  the  same  mummy,  and  lie  has  found  the  same  diversity 
of  colour  in  the  bandages  enclosing  specimens  of  embalmed  cats ;  some- 
times the  limbs  are  separately  bandaged.  Some  mummies  have  been 
found  without  any  bandages,  they  are  merely  covered  with  a  mat. 
Belzoni  saw  two  lying  quite  naked.  Mr.  P.  mentioned  a  singular 
instance  of  a  mode  adopted  in  one  of  the  mummies  sent  over  to  the 
British  Museum  by  the  late  Mr.  Salt,  which  affords  evidence  of  the  great 
care  taken  to  protect  the  body  from  being  acted  upon,  either  by  the 
atmosphere  or  by  any  moisture.  The  whole  of  the  outer  bandages  are 
covered  with  a  coating  of  varnish  of  a  deep  leaden  colour,  and  give  to  the 
mummy  the  appearance  of  being  furnished  with  a  complete  coat  of 
armour.  The  folds  of  some  of  the  bandages  are  visible  beneath  this 
coating.  Mr.  P.  has  not  been  able  to  trace  any  other  instance  of  the 
kind;  it  is  not  noticed  by  any  author  he  has  consulted,  or  any  traveller 
with  whom  he  has  communicated. 

Upon  another  mummy  in  the  British  Museum,  also  sent  over  by 
Mr.  Salt,  Mr.  P.  found  a  portrait,  the  execution  of  which  is  well  worthy 
of  attention.  It  would,  from  its  situation  and  the  manner  in  which  it 
is  secured  over  the  face  of  the  mummy,  by  the  bandages,  and  the  entire 
absence  of  mythological  emblems,  appear  to  be  the  portrait  of  the  deceased. 
Tlie  colours  are  very  brilliant,  and  the  management  of  light  upon  various 
parts  of  the  countenance  corresponds  perfectly  with  that  followed  by 
painters  of  the  present  day.  This  mummy  Avould  seem  to  belong  to  the 
later  Egyptian  period,  to  the  time  of  the  Romans,  for  the  dress  upon  the 
bust  is  that  of  the  Roman  toga.  The  whole  portrait  is  of  exceeding 
interest,  as  one  of  the  most  ancient  pictures  in  the  world,  and  as  giving 
to  us  a  faithful  resemblance  of  the  people  of  that  country  and  period.  It 
is  painted  on  a  plank  of  cedar  wood;  the  colours  are  all  vegetable,  and 
fixed  by  a  strong  gluten.  Mr.  P.  has  given  a  fac-simile  of  the  portrait  in 
his  work  on  the  Egyptian  mummies. 
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The  cases  in  which  the  mummies  are  enclosed  are  of  various  kinds; 
the  innermost  is  made  of  layers  of  cloth  cemented  together,  plastered 
within  and  without,  and  laced  up  behind.  It  must  have  been  soft  when 
laid  on,  as  its  shape  corresponds  to  that  of  the  body.  The  colours  of  the 
paintings  on  these  cases  are  sometimes  extremely  vivid ;  the  green  is  the 
only  colour  that  appears  to  have  faded,  and  it  is  sometimes  confounded 
with  the  blue;  the  blue  is  metallic;  the  yellow,  vegetable;  the  nature  of 
the  white  has  not  been  discovered ;  the  red  is  very  brilliant.  Red,  blue, 
yellow,  green,  white,  and  black,  are  the  colours  to  be  found  on  the  cases, 
or  on  the  walls  of  the  tombs ;  the  drawings  are  in  profile,  the  Egyptians 
being  ignorant  of  perspective ;  their  reliefs  are  notwithstanding  full  of 
vigour,  life,  and  expression. 

An  opinion  has  erroneously  prevailed  that  the  subject  of  the  repre- 
sentation on  the  cases  is  a  history  of  the  life  of  the  person  embalmed 
within.  Sufficient  is  known  of  the  hieroglyphics  not  only  to  question 
this  opinion,  but  to  establish  its  inaccuracy.  They  are  very  similar  in 
most  cases,  and  usually  commence  with  the  same  symbols.  They  have 
been  considered  as  a  collection  of  images  offered  by  the  deceased  to 
Osiris ;  the  deceased  sometimes  taking  to  himself  the  name  of  the  god. 
There  can  be  no  doubt,  Mr.  P.  thinks,  that  an  attentive  examination  of 
the  characters  and  subjects  will  satisfactorily  convince  any  one  that  the 
subject  bears  relation  to  the  trial  which  the  soul  was  to  undergo,  and  the 
deities,  through  whose  intervention,  or  by  whose  intercession  it  was  to 
pass  through  the  different  stages  of  its  progress  towards  another  stage  of 
existence.  If  a  proof  were  required  to  show  that  these  inscriptions  in 
general  followed  a  particular  formula,  it  would  be  affi)rded  by  an 
example  Mr.  P.  had  an  opportunity  of  seeing  in  the  collection  of  Mr. 
James  Burton,  where  a  blank  was  left  for  the  insertion  of  the  name  of 
the  deceased,  the  other  parts  being  complete. 

Some  mummies  are  without  any  painted  case,  but  placed  in  a  sarco- 
phagus, generally  of  sycamore  wood.  Mr.  P.  possesses  one  of  this  kind, 
which  is  formed  out  of  the  trunk  of  the  tree,  the  inside  of  which  is 
scooped  out  to  receive  the  body,  and  the  surface  covered  with  pitch. 
Sometimes  the  painted  cartonage  is  placed  in  a  coffin  of  cedar,  or  syca- 
more, or  deal  wood  ;  also  of  the  wood  of  the  Cordia  myxa  of  Linnaeus, 
of  the  Cordia  Sehestena  of  Forskahl,  or  of  the  Sebeslena  domestica  of 
Prosper  Alpinus,  which  are  all  three  of  great  hardness.  These  cases 
are  generally  marked  with  the  name  of  the  deceased,  and  the  ordinary 
inscription,  and  sometimes  the  figure  of  an  Egyptian  deity  is  to  be  found 
within.  The  human  face,  carved  upon  these  cases,  or  formed  of  compo- 
sition (with  portions  of  bronze  for  the  eyebrows  and  eyelids),  is  often  of 
very  excellent  workmanship.  This  coffin  very  often  contains  not  only  the 
cartonage,  but  also  a  wooden  one  painted,  and  gives  representations  of 
many  of  the  deities  belonging  to  the  Egyptian  mythology,  and  this 
outer  coffin  is  sometimes  itself  enclosed  within  a  sarcophagus,  formed  of 
various  materials.  In  the  instance,  which  was  to  be  examined  on  this 
occasion,  the  outer  coffin  was  placed  within  a  wooden  sarcophagus, 
covered  with  hieroglyphics.  Other  sarcophagi  are  found  of  rose  granite, 
or  marble,  or  alabaster,  or  linjestone,  or  Egyptian  breccia,  or  slate,  or 
basalt,  or  baked  earth.     They  partake  either  of  the  human  form,  or  are 
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of  an  oblong  square  shape.     Specimens  of  most  of  these  are  to  be  seen 
in  the  Gallery  of  Egyptian  Antiquities  in  the  British  Museum. 

As  to  the  position  of  the  mummies,  the  only  variety  consists  in  the 
an-angement  of  the  arms;  the  body  is  always  extended,  and  the  head 
erect.  The  legs  are  invariably  placed  at  their  full  length,  and  brought 
close  together.  The  arms  are  found  either  lying  along  the  sides  of  the 
body,  the  palms  of  the  hands  in  contact  with  the  thighs,  or  placed  upon 
the  groins,  or  brought  forward  in  contact  -with  each  other,  or  they  are 
placed  across  the  breast,  or,  as  in  some  rare  instances,  one  arm  extended 
along  the  side  of  the  body,  whilst  the  other  is  carried  across  the  chest. 
Mr.  P.  believes  these  postures  to  have  been  indiscriminately  emj:)loyed, 
for  they  are  to  be  found  in  males,  females,  and  children.  The  mummies 
are  all  placed  horizontally  in  the  tombs  and  among  pits. 

The  perfection  of  the  embalming  may  be  judged  of  by  the  condition 
of  the  hair.  Belzoni  states  that  he  has  seen  it  eighteen  inches  in  length; 
but  Mr.  P.  exhibited  a  specimen  from  Mr.  Burton's  collection  which  mea- 
sured two  feet  four  inches.  Mr.  P.  found  on  the  head  of  a  female 
mummy,  brought  from  Thebes  by  Mr.  Wilkinson,  the  hair  plaited  and 
turned  up  over  the  head  in  three  distinct  portions.  The  manner  in 
which  the  plait  (a  triple  one)  is  made,  corresponds  perfectly  with  that 
adopted  by  the  ladies  of  this  country  in  the  present  day.  Mr.  P.  pro- 
duced this  specimen  to  his  audience. 

The  mummies  of  children,  it  is  very  remarkable,  are  not  frequently 
to  be  met  with — many  travellers  have  made  this  observation.  The 
smallest,  perhaps,  of  the  kind,  is  in  the  possession  of  Mr.  P.,  it  must 
haA'e  been  an  abortion,  as  it  measures  only  three  inches  and  a  quarter. 
It  is  enclosed  in  a  wooden  case,  which  is  carved  to  represent  the  deity 
Osiris  in  a  sitting  posture;  the  eyes  are  of  enamel,  and  the  whole  has 
been  gilt. 

By  the  side,  and  at  the  feet  of  the  mummies,  are  often  found  the 
emblems  of  the  trade  or  profession  of  the  deceased.  By  the  baker, 
cakes  are  found;  by  the  artist,  palettes  and  paints  and  brushes;  by  the 
carpenter,  a  basket  of  tools,  consisting  of  a  saw,  mallet,  awls,  &c.  &c. 
Time  would  not  permit  of  Mr.  P.  going  into  this  part  of  the  subject,  or 
even  detailing  the  variety  of  objects  that  have  been  found,  many  of 
which  were  upon  the  table  of  the  lecturer.  Neither  could  he  speak  of 
the  embalming  of  animals  by  the  Egyptians  :  the  quadrupeds,  the  birds, 
the  fishes,  the  reptiles,  the  insects,  nay,  even  the  vegetables,  said  to  have 
been  held  sacred  by  these  people;  a  subject  replete  with  interest,  and 
aflfording  matter  for  the  most  curious  speculation.  Nor  could  he  speak 
of  the  mummies  of  the  Canary  Isles,  or  Palermo,  or  Peru,  or  of  the 
Burman  priests,  respecting  which  he  has  published  some  most  curious 
information;  nor  could  he  allow  himself  to  make  any  observations  on 
the  physical  history  of  the  Egyptians  and  other  nations.  Previous, 
however,  to  the  unrolling  of  the  mummy,  Mr.  P.  deemed  it  advisable  to 
make  a  few  remarks  on  the  hieroglyphical  inscriptions,  and  to  describe 
some  of  those  which  adorned  the  subject  about  to  be  developed. 

The  extraordinary  magnitude,  and  the  permanency  of  the  Egyptian 
monuments,  the  magnificent  temples,  dedicated  to  their  gods,  and  the 
splendid  obelisks,   erected  in  honour  of  their  kings,  Mr.  P.  observed, 
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bespoke  a  people  much  advanced  in  the  arts,  and  indicated  a  high  degree 
of  civilization.  The  learning  of  the  Egyptians  has  been  made  known  to 
us  by  the  sacred  historian.  By  this  record  we  have  been  taught  to 
believe  in  the  wisdom  of  this  ancient  people,  and  to  feel  astonishment  at 
the  nature  of  the  institutions,  the  extent  of  the  learning,  and  the  per- 
fection of  the  arts,  attained  at  so  early  a  period.  The  records  upon  the 
monuments  of  ancient  Egypt  but  a  few  years  since  appeared  to  be 
involved  in  impenetrable  obscurity.  The  darkness  which  surrounded 
them  had  in  vain  been  attempted  to  be  dispersed,  and  it  remained  for 
British  erudition  and  British  industry  to  open  the  path  of  discovery 
from  which  it  now  seems  almost  certain  the  ancient  history  and  lite- 
rature of  Egypt  may  be  brought  to  light.  To  decipher  the  characters 
impressed  upon  the  manuscripts  and  the  monuments  of  the  ancient 
dynasties  of  the  Pharaohs  and  the  Ptolemies,  after  the  laborious  but 
fruitless  attempts  of  ages,  is,  indeed,  a  result  far  beyond  the  expectation 
of  the  most  sanguine;  and  although  those  to  whom  we  are  indebted  for 
the  first-fruits  of  this  glorious  harvest,  are,  alas!  removed  from  us,  it  is 
satisfactory  to  reflect  that  there  are  a  few  who  still  pursue  the  subject 
with  an  ardour  commensurate  to  their  ability,  and  it  is  to  be  hoped, 
therefore,  that  patronage  on  the  part  of  the  public  may  not  be  found 
wanting  to  carry  the  whole  on  to  a  complete  and  triumphal  issue.  The 
key  to  the  lost  literature  of  ancient  Egypt  was  found  in  the  trigram- 
matic  stone  of  Rosetta,  and  it  is  highly  flattering  to  our  national  vanity 
to  know,  that  after  the  almost  vain  and  fruitless  attempts  of  MM.  de 
Sacy  and  Akerblad,  who  had  succeeded  only  in  making  some  progress 
towards  the  identification  of  some  parts  of  the  second  inscription,  it  was 
left  to  the  erudite  sagacity  of  a  professor  of  the  Royal  Institution,  the 
late  Dr.  Young,  "  to  convert  to  permanent  profit,  a  monument  which 
had  before  been  a  useless,  though  a  glorious  trophy  of  British  valour." 
The  inscriptions  on  the  stone  are — 

I.  Hieroglyphic,  or  Sacred. 

II.  Enchorial,  Demotic,  or  Vulgar. 

III.  Greek. 

The  Hieroglyphical  language  is  of  a  triple  character;  it  is  chiefly 
PHONETIC  or  alphabetical;  next  figurative,  and  thirdly  symbolical: 
the  last  portion,  the  most  difficult  to  be  ascertained,  forms  fortunately 
the  least  portion  of  the  language. 

There  are  also  three  kinds  of  writing,  found  upon  the  papyri,  fre- 
quently met  with  in  mummies.  These  are,  1.  Hieroglyphic;  2.  Hieratic; 
3.  Enchorial,  The  former  two  are  confined  to  sacred  subjects,  and  the 
latter  is  the  demotic,  or  vulgar  character  of  the  country;  but  Mr.  P. 
successfully  showed  that  the  enchorial  was  only  a  more  cursive  and  rapid 
mode  of  writing  the  hieratic  character,  and  that  the  hieratic  was  only  a 
descent  from  the  hieroglyphic  itself,  which  may  therefore  be  regarded  as 
the  perfect  character  of  the  language. 

Mr.  Pettigrew  next  proceeded  to  describe  the  cases  of  the  mummy 
about  to  be  unrolled.  The  one  immediately  containing  the  body  was 
of  sycamore  wood,  in  the  most  beautiful  state  of  preservation,  highly 
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ornamented  in  various  colours,  representing  the  face  of  the  mummy,  of 
a  deep-red  colour,  with  a  carved  figure  of  a  beard  passing  down  from 
the  chin.  The  eyes  were  of  ivory  and  composition;  and  the  eyelids  and 
eyebrows  of  bronze,  very  ingeniously  let  into  the  wood.  The  inside  of 
the  case  was  whitened,  and  represented  various  symbolical  figures  and 
characters.  The  figures  were  those  of  Netpe  and  -Osiris.  Netpe, 
mother  of  the  gods,  being  the  wife  of  Seb  or  Saturn,  and  the  mother  of 
Osiris;  and  the  name  of  Seb  was  mentioned  in  the  hieroglyphics, 
Osiris,  the  greatest  of  the  Egyptian  deities,  whose  principal  office  was  to 
judge  the  dead,  and  rule  over  Amenti,  the  kingdom  where  the  souls 
of  the  good  were  admitted  to  eternal  felicity. 

Around  the  figures  of  Netpe  and  Osiris  there  were  various  prayers 
in  hieroglyphics,  running  thus:  "Open  the  Gate  of  Heaven;  open  the 
World;  open  the  Gate  of  the  Region  of  the  Stars;  open  the  Gate  of 
Amenti;  the  good  Region  of  Osiri;"  the  man's  name. 

On  the  outside,  in  front  of  the  case  or  coffin,  Avas  represented, 
immediately  beneath  the  face,  some  ornamental  figures,  composing  a 
kind  of  breastplate, .  or  necklaces,  formed  of  the  leaves  of  the  lotus, 
persea,  &c.  Netpe,  the  mother  of  the  gods,  with  her  wings  extended 
over  the  body  of  the  mummy,  and  beneath  her  the  four  genii  of  the 
Amenti;  Netsonof,  or  Kebiinsnop;  Smof,  or  Smautp;  Hapee,  and 
Amset;  all  holding  bandages.  Also  Anubis,  Isis,  Hon  us,  Tiioth,  and 
Neputhys,  also  furnished  with  bandages.  Towards  the  bottom  of  the 
coffin  were  represented  two  crocodile-headed  divinities,  in  a  sitting  pos- 
tui-e;  and  the  Hawk  of  Pur  a,  or  the  Sun,  with  extended  wings.  At 
the  lower  part  of  the  coffin  was  represented  the  deceased  on  one  side, 
with  a  human  head,  as  qualified  lord  of  the  world,  and  on  the  other  with 
that  of  a  Ram,  as  qualified  lord  of  the  heavens.  Over  the  feet  was  an 
extended  figure  of  the  goddess  Isis,  encircling,  as  it  were,  the  feet  of  the 
mummy,  and  a  line  of  hieroglyphics,  which  reads  thus :  "  This  is  of  Isis, 
who  embraces  your  feet."  The  Coptic  word  for  foot  is  RAT,  and  the 
hieroglyphics  for  the  same  correspond  in  every  letter,  and  as  it  is  placed 
in  the  plural,  following  the  phonetic  hieroglyphics  for  foot,  we  have  the 
representation  of  two  feet,  as  the  determinative  signs  of  the  thing  to  be 
represented. 

On  the  back  part  of  the  case  was  a  representation  of  what  has  been 
ordinarily  described  as  a  nilometer;  but  which  really  means  stability, 
and  Mr.  Wilkinson  thinks  intellect.  It  is  an  emblem  referring  to 
Osiris,  as  the  intellectual  creator,  and  thence  applied  to  the  intellect  of 
man.  It  is  worthy  of  remark,  that  this  emblem  is  distinguished  by  four 
bars,  or  lines,  and  that  the  number  4  corresponds  to  intellect,  as  that  of 
the  number  3  does  to  matter,  according  to  the  ancient  philosophers. 

Under  the  feet  of  the  mummy  there  was  a  repi-esenlation  of  the 
SACRED  BULL,  with  the  mummy  placed  on  his  back;  the  bull  was  gallop- 
ing ofi^  as  fast  as  possible,  being  probably  intended  to  denote  the  transit 
of  the  deceased  to  Elysium. 

The  coffin  just  described  was  enclosed  within  another  made  of  deal. 
Two  lines  of  hieroglyphics  ran  down  the  centre  to  the  extremity  of  the 
feet,  and  contained  a  dedication  to  "  Osiris,  the  Great  God,  Lord  of 
Abydus."     Also  dedications  to  Ra  or  Phra,  Atmoo,  Ptha  Sochar,  Anubis, 
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&c.  On  the  inside  was  a  figure  of  Osiris,  with  a  hawk's  head  and 
hieroglyphics,  giving  the  name  of  Simauf.  The  face  of  the  mummy  was 
carved  on  this  outer  coffin,  and  had  eyes  made  of  ivory  and  composition. 
Its  execution  was  very  delicate  and  beautiful.  These  cases,  or  coffins, 
were  placed  within  a  large  sarcophagus,  of  an  oblong-square  shape, 
furnished  with  pillars  at  each  extremity  on  either  side;  in  these  there 
were  holes,  and  it  is  probable,  Mr.  P.  said,  that  figures  of  the  four  genii 
of  the  Amenti  had  been  placed  upon  them. 

The  SARCOPHAGUS  was  made  of  sycamore,  and  plastered  over  with 
a  kind  of  lime-cement,  upon  which  the  hierogl^^phical  characters  and 
figures  were  painted.  The  whole  case  measured  seven  feet  two  inches 
in  length,  and  two  feet  seven  inches  in  breadth.  The  lid  was  circular, 
and  covered  with  hieroglyphics  and  pictorial  representations.  The 
lecturer  only  exhibited  a  model  of  the  original,  which,  from  its  size,  and 
the  fear  of  injury,  he  withheld  from  producing.  The  sarcophagus  was 
described,  and  a  considerable  portion  of  the  hieroglyphics  made  out. 
On  the  case,  or  lid,  there  was  a  vertical  line  of  hieroglyphics,  painted  in 
black  upon  a  yellow  ground,  and  which  served  to  divide  the  objects  repre- 
sented upon  the  two  sides.  The  inscription  is  given  in  Plate  II.,  p.  36, 
and  may  be  said  to  read  as  follows:  "  Royal  chosen  offi2ring  to  Anubis, 
Director  of  the  Balance;  that  he  may  give  a  good  wrought  (or  orna- 
mented) coffin,  in  the  consecrated  enclosure  (burial  ground)  for  the  dead, 
in  the  western  mountain  (Ament)  of  the  land  of  Egypt,  for  the  votary 
Osiris,  Osiri  man,  deceased,  son  of  the  priest  Ouonofri,  (Onuphris, 
Manifester  or  Opener  of  Good,)  deceased,  son  of  the  priest  Onhkiionso, 
deceased,  son  of  the  priest  HoRsiisi  deceased,  approved  (or  glorified)." 

On  the  right  side  of  the  cover,  at  each  end,  were  hawks,  the  em- 
blems of  the  god  RA,'the  sun;  and  these  were  placed  upon  the  hiero- 
glyphic of  dominion,  having  by  their  side  a  representation  of  the 
Sacred  Eye. 

In  the  centre  was  seen  the  bari,  or  boat  of  the  sun,  conveying  the 
.god  Ra,  or  Phra  (whence  originates  the  royal  name  Pharaoh),  seated  in 
the  centre  of  the  boat,  beneath  a  canopy  formed  by  the  serpent  Urseus, 
and  having  the  disk  and  serpent  on  his  head,  and  the  emblem  of  Truth  and 
Justice  in  his  hand.  The  deceased  is  represented  with  his  head  shaved, 
assisting  the  progress  of  the  boat,  and  HoRus  acts  as  steersman.  Plutarch 
tells  us  that  the  Egyptians  conceived  the  sun  and  moon  to  make  their 
course  through  the  universe  in  boats;  and  Horus,  or  Hor,  Mr.  P.  thinks,  is 
the  origin  of  the  Greek  Haron  or  Charon,  perhaps  Har-oni,  the  Living 
Horus.  Between  the  boat  and  the  hawks  the  deceased  is  seen  on  one 
side,  worshipping  Osiris  and  Hapee,  and  on  the  other,  Osiris  and 
Kebhnsnof. 

The  left  side  of  the  lid  has  also  representations  of  the  hawks,  as 
emblems  of  the  god  Ra :  and  the  deceased  is  seen  worshipping  Osiris  and 
Amset.  The  centre  of  the  side  gives  a  very  interesting  representation, 
which  is  presumed  to  refer  to  the  two  natures  of  man,  his  corporeal  and 
his  spiritual.  A  large  figure  of  a  man,  painted  blue,  with  his  arms  and 
legs  extended,  is  made  to  encircle  the  painting;  and  this  figure  is  typical 
of  the  heavens.  Within  it  are  two  figures,  seated  as  judges,  placed 
between  heaven  and  earth:  these  figures  are  furnished  with  the  head  of 
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u  ram,  and  hold  in  their  hands  the  emblem  of  truth  and  justice.  In  the 
centre  is  a  human  figure  in  an  erect  and  firm  position,  painted  blue,  with 
the  arms  extended  up  towards  the  heavens;  and  falling,  as  it  were,  from 
this  figure,  is  that  of  a  human  being,  painted  red,  and  is  typical  of  the 
earthy  part  of  man  being  thrown  off"  from  his  spiritual.  At  the  ends  of 
the  lid  and  body  of  the  sarcophagus,  are  hawks,  the  Agathodtemon, 
representations  of  the  sacred  eye  of  Osiris,  and  a  libation  ofi^ered  to  the 
deceased  and  to  Isis, 

The  sides  of  the  sarcophagus'  give  each  seven  representations  of  the 
deceased ;  and  between  these  are  various  lines  of  hieroglyj^hics,  many  of 
which  Mr.  P.  deciphered.  From  them  we  read,  "  Osikis,  Hieraphoros 
of  Amun;  Osiri  deceased,  son  of  the  priest  of  Amun;  Ouonnophri 
(Onuphris  of  Plutarch,  manifester  of  good,  a  name  of  Osiris),  son  of  the 
priest  Ojshkoso,  deceased,  son  of  the  priest  Horsiisi,  deceased;  his 
mother,  lady  of  the  house,  Mashr-se,  &c." 

There  are  some  curious  variations  in  the  mode  of  spelling  the  name 
of  the  deceased,  and  also  of  his  mother,  in  the  hieroglyphics  on  the 
sarcophagus,  which  are  highly  deserving  of  notice.  His  name  is  spelt  in 
four  different  ways:  1.  Osiri;  2.  Osiriao;  3.  Osiriosao;  4.  Reread. 
The  name  occurs  very  frequently;  but  the  modes  in  which  it  is  most 
generally  spelt  are  the  1st.  or  2nd,,  Osiri  or  Osiriao.  Certain  variations 
often  occur  in  writing  the  names  of  Egyptians,  which  generally  consist 
of  the  introduction  or  omission  of  certain  vowels,  which  in  Eastern 
languages  is  not  of  the  same  importance  as  in  European.  In  Arabic, 
Persian,  and  Turkish,  the  principal  vowel  of  a  word  is  alone  introduced 
in  writing,  the  force  of  the  others  being  known  by  certain  marks  or 
points,  which  are  generally  omitted  except  in  the  Koran.  In  this  case, 
however,  in  the  fourth  example  the  variation  seems  to  occur  in  the 
consonants,  which  off^ers  some  difficulty,  since  the  force  of  the  sitting 
figure  with  its  hand  to  its  mouth,  has  been  fixed  from  the  word 
Kaiseros,  where  it  occurs  as  an  S,  in  more  than  one  instance;  its  phonetic 
value  is  therefore  to  be  regarded  as  determined.  Were  it  not  so,  one 
might  suppose  from  the  first  hieroglyphic  in  the  4th  example  in  Plate  III. 
(p.  37,)  being  substituted  for  it,  that  this  figure  merely  served  to  represent 
a  man,  and  therefore  stood  for  the  letter  R,  the  initial  of  the  word  Romi 
(Man);  but  it  signifies  a  child,  as  is  proved  by  the  position  of  the  hand 
to  the  mouth;  and  the  reason  of  its  having  the  force  of  S,  is  that  Se,  or 
Sheri,  signifies  child.  Upon  the  whole,  however,  the  name  Osiri  is  so 
much  like  one  that  we  well  know  (Osiris),  and  the  instances  are  so  many 
of  Osiri  or  Osiriao,  that  Mr.  P.  was  inclined  to  suppose  the  introduction 
of  the  R  in  this  single  instance  might  have  been  an  oversight,  or  acci- 
dental. The  name  of  the  mother  of  Osiri  is  spelt  in  three  different 
ways:  1.  Masharsi;  2.  Masharsi  or  Tasharsi,  which  is  the  general 
mode  of  writing  it;  3.  Tasiiarge.  Perhaps,  therefore,  the  T  of  Tmau 
is  to  be  understood,  instead  of  the  Tm  or  m  of  Tmau,  or  Maut,  (the 
vulture;)  but  this  is  very  unusual,  the  vulture  being  usually  M. 

Having  thus  far  remarked  upon  the  process  of  embalming,  the 
modes  in  which  the  embalmed  body  was  afterwards  preserved,  the  cha- 
racter of  the  cases,  and   the   hieroglyphics   depicted  upon  them;  and 
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having  shown,  that  according  to  these  the  mummy  to  he  examined  was 
that  of  Osiri,  the  son  of  Ouonofri,  who  was  the  son  of  Onkhonso,  who 
was  the  son  of  Horsiisi,  and  that  all  these  Avere  priests  belonging  to  the 
Temple  of  Ammon ;  that  his  mother's  name  was  Masharsi,  and  from  the 
inscription  at  the  feet,  and  the  representation  of  Isis,  that  he  might 
probably  have  been  one  of  the  priests  officiating  in  the  mysteries  of  the 
worship  of  Isis;  it  now  remained  to  unfold  the  mummy  and  see  how  far 
the  appearances  would  correspond  with  what  had  been  described,  and 
Mr.  P.  here  took  occasion  to  remark  that  it  might  possibly  occur  where 
a  process  was  so  general  as  that  of  embalming  among  the  Egyptians, 
that  the  body  of  one  person  might  be  accidentally  placed  in  a  case 
belonging  to,  or  intended  for,  another.  In  the  event  of  such  a  casualty, 
the  only  proof  which  could  be  offered  of  the  identity  of  the  contents  of 
the  case  was  to  be  found  in  the  name  of  the  deceased  being  written 
upon  the  bandages,  as  had  already  occurred  in  the  instance  of  that 
of  Horsiisi,  unrolled  in  the  Royal  College  of  Surgeons.  "With  this 
preliminary  caution,  Mr.  P.  removed  the  mummy  from  its  case,  or 
inner  coffin,  and  commenced  the  unfolding.  The  outer  bandages  were 
all  marked  by  the  impression  of  a  coating,  or  dress  of  beads,  made 
of  vitrified  earth,  of  various  colours,  and  which  had  been  separated  from 
their  connexions  by  the  destruction  of  the  string  upon  which  they  were 
hung.  Several  portions  were  preserved  and  exhibited.  The  outer  folds 
of  bandage  consisted  of  a  large  sheet,  tinged  of  a  reddish -pink  colour, 
and  this  was  fastened  on  by  some  strips  of  a  nankin  colour,  which  were 
made  to  act  as  cords  or  bands  to  fix  the  whole.  Beneath  the  outer 
sheet  the  bandages  appeared  as  fresh  as  the  day  they  were  applied,  and 
were  passed  round  the  body  with  the  greatest  neatness  and  precision; 
they  wei'e  fringed  at  one  end,  and  the  other  had  a  selvedge.  They  were 
very  numerous,  and  consisted  of  scarcely  less  than  900  yards.  They 
were  chiefly  5^  yards  in  length,  and  about  6  inches  in  breadth.  They  had 
been  formed  from  cloth  measuring  one  yard  and  |  in  width.  The  band- 
ages took  various  directions,  and  several  compresses  were  found  between 
them.  A  large  portion,  resembling  a  nightcap,  was  taken  off"  the  top  of 
the  head.  The  texture  of  the  bandages  was  pretty  uniform  throughout, 
neither  very  fine  nor  coarse.  Upon  the  end  of  three  portions,  hierogly- 
phical  inscriptions  were  found,  which  seemed  to  identify  the  body  with 
the  individual  mentioned  upon  the  case,  and  thus  rendered  the  exami- 
nation very  satisfactory.  The  inscriptions  were  to  the  following  effect: 
"  life,  intellect,  power."  "  Osriis,"  merely  the  name,  and  wrongly  spelt. 
"  Linen  made  bandage  eternal  (sepulchral)  of  Osriis." 

As  the  unfolding  proceeded,  it  became  evident  that  the  limbs  were 
separately  bandaged,  and  that  the  bandages  near  to  the  body  were  firmly 
fixed  to  it  by  the  pitchy  matter  that  had  been  used  in  the  embalming. 
The  process  of  developement,  therefore,  became  necessarily  slow;  but  in 
a  short  time  one-half  of  the  head  was  exposed,  and  was  found  to  be 
devoid  of  hair;  in  this  respect  corroborating  the  opinion  as  to  the  con- 
dition of  the  priesthood.  Near  to  the  surface  of  the  body,  a  large  mass 
was  discovered,  which  proved  to  be  the  liver  of  the  deceased,  that  had 
been  removed  from  the  body,  embalmed,  and  then  placed  upon  the  body, 
amidst  the  bandages.     Various  other  portions  of  the  different  viscera 
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were  afterwards  found,  and  in  the  most  entire  state  of  preservation. 
These  had  been  extracted  from  the  body  through  the  incision  into  the 
leftjlank,  as  described  by  Herodotus,  and  the  inside  of  the  body  was 
filled  with  cedar-dust  and  aromatics.  The  ears  were  remarkably  pre- 
served, and  their  form  rendered  entire  by  small  dossils  of  linen  being 
placed  into  the  cavity  of  the  outer  ear,  and  the  brain  had  been  extracted 
through  the  nostrils,  which  were  somewhat  disfigured  by  the  operation. 
No  papyrus  was  found  either  between  the  legs  or  on  the  inside  of  the 
arms,  as  is  sometimes  the  case;  nor  Avere  there  any  amulets,  scarabaei, 
&c.  to  be  seen.  The  mummy  of  Osiri  is  to  be  regarded  valuable, 
inasmuch  as  it  affords  another  proof  of  the  certainty  of  hieroglyphical 
literature — his  character  was  found  to  correspond,  as  far  as  possible,  with 
the  description  upon  the  case. 

It  is  to  be  hoped  that  the  trustees  of  the  British  Museum  will 
relax  from  their  determination  not  to  allow  any  of  the  specimens  con- 
tained in  that  national  collection  to  be  unrolled,  as  much  curious  if  not 
useful  information  may  be  obtained  by  such  a  research.  The  Museum 
ought  to  possess  specimens  of  mummies  in  every  state  and  condition, 
and  they  should  be  exhibited  in  the  Gallery  of  Egyptian  Antiquities, 
in  the  first,  second,  third,  and  fourth  series  of  bandages  arranged  also 
according  to  their  condition  in  life;  and  their  history,  as  depicted  upon 
the  cases  containing  them,  detailed.  In  this  way,  the  collection,  for 
which  lately  the  Government  have  so  liberally  supplied  the  means  for 
the  purchase  of  Mr.  Sams's  collection,  and  various  articles  from  Mr. 
Salt's,  will  be  rendered  truly  useful. 
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No.  IV. 

Chemical  Affinity. 

The  elements  and  their  compounds  are  the  materials  with  which  we  have 
to  experiment ;  some  of  them  are  very  powerful  and  dangerous  substances, 
and  Sir  Humphry  Davy  has  well  compared  these  to  the  refractory  spirits 
of  Arabian  romance,  which,  although  occasionally  subject  to  the  skill  of 
the  magician,  would  often  suddenly  escape  from  control,  and  endanger 
his  person. 

All  experiments  should  be  undertaken  with  some  degree  of  caution, 
for  chemical  action  is  frequently  amazingly  sudden  and  vehement;  in 
spite  of  every  precaution,  the  most  experienced  chemists  sometimes 
meet  with  accidents,  and  they  are  almost  certain  to  happen  to  the 
juvenile  operator.  If  he  mixes  substances  together  rashly  and  incau- 
tiouslv,  an  unexpected  result  takes  place,  perhaps  a  torrent  of  fumes, 
or  a  blaze  of  flame,  is  evolved;  he  loses  his  presence  of  mind,  becomes 
alarmed  at  the  spirit  which  he  has  thus  unwittingly  conjured  into  exist- 
ence, and,  being  ignorant  of  the  means  of  subduing  it,  he  is  half  suifocated, 
scalded,  scorched,  or  otherwise  injured.  Many  accidents  of  this  kind 
have  happened  in  consequence  of  the  ignorance  and  awkAvardness  of  the 
young  operator,  and  Chemistry  is  often  denounced  as  a  dangerous  and 
disagreeable  study;  with  a  very  little  care,  however,  experiments  may 
be  performed  without  injury  to  himself,  or  annoyance  to  others. 

Experiments  should  always  be  made  in  a  room  exclusively  devoted 
to  their  performance,  divested  of  any  valuable  furniture,  yet  well  stored 
with  chemical  preparations  and  apparatus,  so  as  to  constitute  a  laboratory, 
within  whose  charmed  precincts,  the  young  chemist  will  find  hours  and 
days  rapidly  and  imperceptibly  glide  away);  for  the  "  beginning  of  che- 
mistry is  pleasure,  its  progress  knowledge,  its  objects  truth  and  utility." 

Most  of  the  preparations  which  are  requisite  for  the  pursuit  of  this 
fascinating  science,  may  now  be  readily  procured  at  the  shops  of  those 
who  designate  themselves  "  operative  chemists,"  and  thus  great  facilities 
for  the  study  of  chemistry  are  afforded  to  the  juvenile  student.  The 
scene  is  vastly  changed  since  the  time  of  the  alchymists,  who  were  obliged 
to  prepare  all  their  own  compounds,  or  even  within  the  last  thirty  years, 
when  there  was  much  difiiculty  in  purchasing  "  chemicals."  In  those  days 
the  possession  of  any  larger  quantity  than  a  few  drops  or  gi-ains,  of  some 
substances,  was  only  to  be  acquired  by  long  and  anxious  labour  over  the 
furnace,  crucible,  or  distillatory  apparatus;  and  experimenters  had  to 
sacrifice  much  time  in  preparing  the  materials  for  their  experiments.  There 
were  but  very  few  shops  where  chemicals  were  sold,  and  that  at  a  most 
exorbitant  rate;  oil  of  vitriol,  for  example,  being  charged  at  the  rate  of 
thirteen  shillings  per  pound,  to  obtain  which  quantity  the  maker  had  to 
work  for  upwards  of  seventy  hours.  The  process  being  gradually  im- 
proved and  expedited,  the  result  became  more  copious,  and  it  fell  to  half- 
a-crown  per  pound,  but  even  then  the  supply  was  limited.  At  the  present 
day,  about  fifty  thousand  tons  of  oil  of  vitriol  are  annually  manufactured, 
and  it  is  sold  at  the  rate  of  five  farthings  per  pound.     Spirit  of  salt,  or 
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muriatic  acid,  was  formerly  sold  at  a  much  higher  price  than  oil  of 
vitriol,  and  could  only  be  very  sparingly  procured ;  but  at  present  it  is  so 
abundantly  produced  in  certain  processes  of  manufacturing  chemistry, 
that  it  is  of  less  value  than  that  of  the  glass  bottles  necessary  to  contain 
it ;  therefore  torrents  of  muriatic  acid  are  daily  allowed  to  run  to  waste, 
and  it  is  a  matter  of  no  small  difficulty  with  the  manufacturer  to  find 
out  a  place  where  to  throw  it  away.  A  few  yeai-s  ago  carbonate  of  soda 
was  a  valuable  preparation,  and  sold  for  twelve  shillings  per  pound;  it 
may  now  be  bought,  dry  and  purtJ,  for  ninepence,  or,  in  the  crystalline 
state,  for  twopence  per  pound. 

About  thirty  years  ago  a  single  grain  of  the  metal  potassium  was  a 
wonder;  there  were  but  few  chemists  who  could  elicit  it  from  its  combi- 
nation with  oxygen,  and  it  could  not  be  purchased  at  any  rate,  therefore 
its  marvellous  properties  were  almost  exclusively  exhibited  in  the  labo- 
ratory or  lecture-room  of  the  noble  Institution  in  which  its  discovery  was 
made.  As  analytical  chemistry  advanced,  the  facilities  for  procuring 
potassium  somewhat  increased,  and  it  could  be  sparingly  purchased  at  the 
rate  of  about  five  shillings  per  grain,  although  many  persons  refused  to  part 
with  it  even  at  that  price.  It  gradually  became  more  abundant,  and  its 
price  lowered  in  proportion,  until  at  the  present  day  it  is  kept  in  the  shops 
as  a  common  preparation,  and  sold  for  about  fifteen  shillings  per  ounce; 
a  pound  of  potassium  is  now  no  uncommon  quantity. 

Although  it  has  been  stated  that  the  room  destined  for  the  laboratory 
should  be  well  stored  with  chemical  preparations  and  apparatus,  yet  no 
extensive  or  extravagant  outlay  of  money  in  their  purchase  is  meant;  on 
the  conti-ary,  a  multitude  of  the  most  beautiful  and  instructive  experi- 
ments can  be  made,  with  very  limited  means,  and  without  any  costly 
showy  apparatus.  It  is  better  for  the  juvenile  student  to  obtain  a  few 
"chemicals"  as  he  requires  them,  rather  than  to  fill  his  bottles  and 
shelves  at  once  with  a  host  of  articles  selected  from  a  catalogue.  Those 
who  are  desirous  of  knowing  how  a  regular  laboratory  should  be  fitted 
up,  will  find  ample  directions  in  Faraday's  excellent  work  on  Chemical 
Manipulation,  which  is  also  replete  with  valuable  instructions  concerning 
the  art  of  making  experiments. 

To  perform  experiments  with  neatness,  safety,  and  success,  requires 
long  and  laborious  study.  A  beginner  must  not  expect  anything  like 
great  precision  in  the  results  of  his  first  attempts;  nor  must  he  be  dis- 
couraged by  repeated  failures,  but  endeavour  assiduously  to  ascertain  the 
cause  of  them,  and  thus  he  will  gradually,  yet  securely,  acquire  much 
valuable  practical  information.  Chemistry  is  a  science  of  experiment; 
facts  are  the  data  from  which  conclusions  are  to  be  drawn,  for  no  reasoning, 
a  priori,  can  enable  us  to  judge  as  to  the  result  of  any  chemical  operation. 

But  now,  to  commence  the  more  immediate  subject  of  the  present 
paper ;  and  this  must  be  done  by  referring  for  a  moment  to  Mechanical 
Attraction. 

Mechanical  Attraction  principally  exists  between  bodies  of  similar 
natures;  or,  where  it  takes  place  between  solids  and  fluids,  the  bodies 
undergo  no  change  of  their  respective  natures;  thus  two  pieces  of  lead 
by  strong  pressure  unite  Avith  each  other,  and  form  one  mass,  which  has 
precisely  the  same  characters  and  habitudes  of  either  piece  of  metal 
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separately.  If  a  piece  of  lead  be  dipped  into  water,  oil,  or  spirits  of  wine, 
and  withdrawn,  a  drop  of  any  of  these  fluids  will  be  attracted  by  the 
lead,  but  they  are  not  changed  in  their  characters  by  this  proceeding, 
for  the  attraction  is  merely  mechanical,  and  mechanical  means  will  in- 
stantly destroy  it;  thus  the  capillary  attraction  of  a  cloth  or  piece  of 
blotting  paper,  will  instantly  draw  any  of  these  fluids  from  the  surface  of 
the  solid  lead. 

Melt  some  lead  in  a  ladle,  and  lay  a  little  lump  of  tin  upon  its 
surface,  it  will  float  there,  because  it  is  much  lighter  than  the  lead;  it 
will  soon  melt,  and  when  this  happens  remove  the  ladle  from  the  fire  and 
let  the  metals  cool.  It  will  be  found  that,  although  the  tin  was  the 
lightest  metal  of  the  two,  it  is  not  discoverable  as  a  distinct  stratum 
at  the  surface;  that,  cut  the  lump  of  mixed  metals  where  you  will,  it  pre- 
sents an  uniformity  of  composition,  and  nowhere  can  the  tin  and  the  lead 
be  separately  seen. 

Take  an  ale-glass  nearly  full  of  water,  and  cautiously  pour  upon  its 
surface  some  spirits  of  wine,  coloured  red  with  cochineal;  this  will  float 
upon  the  water  as  a  distinct  stratum,  (which  the  colour  renders  very 
evident,  and  it  is  employed  for  no  other  purpose,)  for  spirits  of  wine  is 
lighter  than  water.  Cover  the  glass  with  a  card,  or  saucer,  so  as  to  pre- 
vent evaporation;  take  another  ale-glass,  about  one-quarter  full  of  water 
coloured  with  cochineal,  and  fill  it  up  cautiously  with  colourless  spirits 
of  wine,  which  is  best  done  by  letting  it  run  from  the  pipe  of  a  funnel 
over  which  a  bit  of  muslin  is  tied,  this  pressed  against  the  sides  of  the 
glass,  and  nearly  touching  the  water,  will  enable  you  to  pour  on  the 
spirit  without  disturbing  the  water.  Cover  up  this  glass,  as  well  as  the 
former,  and  leave  them  for  a  day  or  two.  At  first  the  liquids  preserve 
their  respective  situations,  in  virtue  of  their  dificrent  relative  weights; 
but,  in  the  course  of  time,  the  lighter  spirit  will  be  drawn  down  through 
the  heavier  water,  and  the  heavier  water  will  rise  through  the  lighter 
spirit,  as  will  be  evident  from  the  red  colour  being  dilfused  throughout 
the  whole  contents  of  both  glasses,  and  when  the  action  has  arrived  at  its 
maximum,  no  repose  will  cause  the  spirit  and  water  to  separate  into  two 
distinct  strata. 

Now  these  are  cases  exactly  analogous  to  the  experiment  with 
lead  and  tin,  which  has  been  already  mentioned,  some  power  of  Attrac- 
tion, very  diff"erent  from  mere  Mechanical  Attraction,  is  here  operating, 
to  cause  lighter  substances  to  descend  through  heavier,  and  vice  versa. 
It  is  Chemical  Attraction, — the  lead  has  a  chemical  attraction  for  the  tin> 
the  water  has  a  chemical  attraction  for  the  spirits  of  wine ;  the  substances, 
therefore,  although  of  opposite  weights  and  properties,  are  enabled 
mutually  to  penetrate  and  combine  with  each  other,  in  opposition  to  the 
laws  of  gravity,  and.  when  thus  chemically  combined,  they  will  not  sepa- 
rate, by  any  mechanical  means.  Every  part  of  the  lead,  upon  analysis,  is 
found  to  contain  tin,  and  the  strength  of  the  diluted  spirit  is  found  to  be 
the  same  from  whatever  part  of  the  glass  it  is  taken  for  examination. 
Chemical  Attraction  is  often  called  Heterogeneous  Attraction,  its  distin- 
guishing feature  being,  that  it  takes  place  between  the  particles  of  dis- 
similar bodies,  causing  their  union,  and  producing  a  new  and  distinct 
class  of  compounds;  when  substances  thus  attract  each  other,  they  are 
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said  to  possess  mutual  affinity, — hence  chemical  attraction  is  far  more 
commonly  called  Chemical  Affinity. 

To  take  another  instance  of  this  power  of  attraction.  Let  us  refer  to 
the  metals  gold  and  mercury;  the  one  a  solid  metal  of  a  fine  yellow 
colour,  the  other  a  liquid  metal  of  a  silvery  whiteness.  Bring  them  into 
contact,  they  attract  each  other  with  a  very  considerable  force ;  and  that 
this  is  not  merely  mechanical,  but  chemical,  is  soon  proved  by  the  change 
of  physical  characters  which  the  metals  undergo  by  being  left  for  a  short 
time  in  contact;  the  gold  loses  its  solidity  and  colour,  and  the  mercury 
its  liquid  form, — the  resulting  compound  is  a  soft,  unctuous  mass,  of  the 
colour  of  mercury.  That  form  of  gold-leaf  called  "^'dentists'^  gold"  is 
convenient  for  this  experiment,  it  is  very  much  thicker  than  common 
gold-leaf,  and  therefore  more  tangible;  a  little  disc  of  it,  about  half  an 
inch  in  diameter,  presented  to  a  globule  of  mercury  about  the  size  of 
this  letter  (O)  will  present  the  result;  or  several  leaves  of  ordinary 
gold-leaf  may  be  rubbed  with  a  similar  globule  in  the  palm  of  the  hand, 
with  the  point  of  the  finger,  and  the  desired  compound  is  produced. 
Such  compound  is  called  an  amalgam*,  and  no  mechanical  means  enable 
us  to  separate  the  metals  after  they  are  thus  once  combined;  but  heal 
will  destroy  the  chemical  attraction  existing  between  the  two  metals; 
the  mercury,  being  volatile,  flies  away  in  fumes,  leaving  the  fixed  gold  in 
its  metallic  state.  The  amalgam,  when  rubbed  upon  the  surface  of  a 
clean  plate  of  copper,  adheres  to  it,  and  presents  a  silvery-looking  surface, 
but  no  gold  wiU  appear:  expose  the  amalgamated  plate  to  heat,  the 
mercury  volatilizes,  and  leaves  the  gold  in  firm  and  close  contact  with 
the  copper;  and  upon  this  principle  depends  the  art  of  water-gildingf. 
Gilt  metal  buttons  are  an  example  of  it,  they  are  made  of  discs  of  clean 
copper,  to  which  the  amalgam  of  gold  is  applied,  then  heated  to  expel 
the  mercury,  and  the  noble  metal  is  left  in  the  state  called  "  dead  gold," 
which  may  be  polished  to  the  full  extent  of  its  splendour,  by  rubbing  it 
forcibly  vnth.  a  smooth  hard  steel,  or  agate,  tool,  called  a  bur7iisherX. 

Silver  has  a  strong  attraction  for  mercury,  and  forms  an  amalgam 
which  is  not  distinguishable  in  appearance  from  that  of  gold,  but  yielding 
up  silver  by  heat,  and  therefore  applied  for  silvering  the  surface  of 
copper.  In  experiments  with  mercury  it  often  happens  that  coin  and 
plate  become  accidentally  spotted  with  it,  thus  a  sovereign  instantly 
becomes  white,  and  no  longer  passable;  heat  it  carefully  in  the  flame  of 
a  spirit-lamp,  the  mercury  volatilizes,  and  the  coin  will  assume  its 
proper  lustre  by  a  little  friction.  When  mercury  is  accidentally  spilt, 
persons  often  endeavour  to  collect  the  scattered  globules  in  a  silver  table- 
spoon, which  becomes  of  course  totally  spoiled  by  uniting  with  the 
mercury;  but  heat  will  volatilize  it  as  in  the  case  just  mentioned,  and 


"  The  term  amalgam  is  used  to  denote 
the  compound  of  mercury  with  other  metals ; 
but  when  they  unite  with  each  other  to  the 
exclusion  of  mercury,  as  in  the  case  of  lead 
and  tin,  the  term  alloy  is  applied  to  the 
compound. 

-f-  Mercury  was  called  hydrargyrum  by 
the  alchymists,  the  term  signifying  water 
of  silver  ;  perhaps  the  term  water-gilding 


originated  from  the  circumstance  of  this 
"solutive  water"  being  employed  to  dis- 
solve gold, 

X  The  highly-ornamental  buttons  worn 
on  full-dress  coats,  furnish  examples  of 
gold  in  its  dead  and  burnished  state,  the 
former  is  the  appearance  as  it  comes  from 
the  fire,  the  latter  the  result  of  friction. 
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the  spoon  may  then  be  burnished  until  it  acquires  its  usual  lustre;  if, 
however,  the  metals  have  been  for  some  time  in  contact,  the  solid  texture 
of  the  silver  is  destroyed  throughout  its  whole  mass,  and  then  all  that 
can  be  done  is  to  heat  the  amalgam  in  an  iron  ladle,  and  preserve  the 
silver  for  some  other  experiment.  When  mercury  is  accidentally  spilt, 
the  globules  may  be  collected  in  a  wooden,  or  horn  spoon,  or  upon  a 
piece  of  bent  card;  rings,  watches,  and  trinkets,  should  always  be  laid 
aside  during  all  chemical  experiments,  for  not  only  will  mercury  spoil 
them,  but  various  acids  and  gases  are  sad  enemies  to  ornamental  metal- 
work.  This  chemical  attraction  of  mercury  for  the  nobler  metals  is  however 
of  much  practical  utility,  as  has  just  been  shown  when  speaking  of 
"  water-gilding,"  also  in  several  metallurgical  operations ;  the  ores  of 
silver  are  reduced  to  powder,  and  agitated  with  mercury  for  a  considerable 
time,  an  amalgam  of  silver  is  formed,  and  this  exposed  to  heat  leaves  the 
fixed  metal  in  a  state  of  considerable  purity. 

Tin  and  mercury  also  form  an  amalgam  of  nearly  the  same  colour 
and  texture  as  the  two  former;  it  has  very  important  uses,  for  all  our 
mirrors  and  looking-glasses  owe  their  lustre  to  it.  A  thin  sheet  of 
tin,  called  tin-foil,  is  laid  upon  a  smooth  solid  table,  and  amalgamated 
with  mercury,  thus  presenting  a  brilliant  metallic  surface;  upon  this  a 
perfectly  clean  and  dry  plate  of  glass  is  slid  gently  and  carefully;  equable 
pressure  is  then  applied,  and  the  glass  forcibly  adheres  to  the  amalgam 
in  virtue  of  attraction  of  cohesion.  The  superfluous  mercury  is  after- 
wards drained  away,  and  none  is  left  excepting  in  actual  combination 
with  the  tin;  this  hardens  by  time  into  a  crystalline  texture,  as  may  be 
seen  upon  inspecting  the  back  of  a  looking-glass. 

Now  it  matters  not  how  large  or  solid  the  pieces  of  gold,  silver,  or 
tin  may  be,  they  will  all  combine  with  mercury,  and  lose  their  states  of 
aggregation  in  time;  but  it  will  be  remarked,  that  if  they  are  employed 
in  the  form  of  fine  leaves,  their  union  with  the  mercury  is  vastly 
expedited :  we  therefore  come  to  the  conclusion  that  attraction  of  cohesion 
influences  chemical  action.  This  fact  is  remarkably  exemplified  with 
regard  to  platinum:  in  the  compact  solid  state,  mercury  has  no  action 
upon  it  whatever,  and  it  might  be  hastily  concluded  j;hat  the  two  metals 
have  no  attraction  for  each  other;  but  if  the  mechanical  aggregation  of 
the  platinum  be  destroyed,  so  as  to  reduce  it  into  very  minute  particles, 
mercury  will  then  unite  to  it  and  form  an  amalgam*.  Chemists  are 
well  aware  of  such  facts,  and  therefore  almost  invariably  destroy  the 
attraction  of  cohesion  of  the  substances  which  they  submit  to  experi- 
ment; hence  the  variety  of  mortars,  mills,  shears,  and  files,  with  which 
a  well-fitted  laboratory  abounds.  Heat  and  solution  are  also  resorted  to 
when  mechanical  means  cannot  be  conveniently  used.  There  are  num- 
berless familiar  examples  of  cohesion  opposing  chemical  action ;  thus  the 
fire-grate  does  not  bum  away,  because  of  the  strong  cohesive  force  of  the 
iron  resisting  the  degree  of  heat  to  which  it  is  ordinarily  exposed;  nor 
does  a  lump  of  coal  suddenly  and  bodily  start  into  combustion,  because 
it  opposes  cohesion  to  the  chemical  attraction  of  the  oxygen  of  the  air. 
Reduce  an  iron  bar  into  fine  filings,  and  a  lump  of  coal  into  fine  powder, 

*  The  finely-divided  state  of  the  metal  I  which  is  obtained  by  heating  its  ammonia 
required,  is  known  as  "  spongy  platinum,"  j  muriate  to  redness. 
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aggregation  is  thus  to  a  great  extent  destroyed:  sift  them  into  a  fire,  the 
iron  will  burn  with  brilliant  sparks,  like  the  firework  called  "a  gerbe;" 
the  coal  will  suddenly  burn  with  a  very  luminous  flame.  A  lump  of  rosin 
held  in  the  flame  of  a  candle  will  not  take  fire ;  destroy  its  aggregation  by 
powdering,  and  then  dust  it  through  a  flame,  and  it  produces  an  enormous 
blaze.  The  sudden  combustion  and  flash  of  powdered  rosin  is  often  used 
at  the  theatres  for  producing  what  is  called  "  artificial  lightning."  The 
dry  vegetable  powder  called  Lycopodium  is  employed  for  a  similar 
purpose,  and  does  not  evolve  so  much  smoke.  In  all  these  instances  the 
substances  are  enabled  rapidly  to  attract  oxygen  and  burn,  because  their 
aggregation  is  overcome  by  mechanical  means. 

Again,  a  lump  of  rock-salt,  alum,  or  sugar-candy,  thrown  into 
water,  will  be  some  time  in  dissolving,  because  the  attraction  of  crystal- 
lization opposes  chemical  solution;  reduce  them  to  fine  powder,  and 
they  all  rapidly  dissolve. 

In  some  instances,  even  when  the  aggregation  of  bodies  is  destroyed, 
they  refuse  to  exert  any  chemical  attraction  for  each  other,  until  a  third 
agent  is  added  to  them.  Thus,  ink-powders  consist  of  gall-nuts,  and 
sulphate  of  iron;  perfectly  dry  and  in  fine  powder,  they  exert  no  attrac- 
tion for  each  other,  but  remain  a  mere  mixture,  of  a  brownish  colour: 
add  water  to  this,  it  overcomes  the  aggregation  of  the  powder  by  dis- 
solving the  sulphate  of  iron,  which  exerting  its  chemical  attraction 
for  the  matter  of  the  gall-nuts,  unites  with  it  to  form  a  new  and  distinct 
compound,  of  a  blacTs:  hue,  viz.  writing-ink.  Soda-water  powders,  or 
sali?ie  powders,  are  instances  of  the  same  kind:  they  consist  of  tartaric 
acid  and  carbonate  of  soda,  both  perfectly  dry,  powdered  and  mixed 
together,  and  in  this  state  they  will  remain  for  years  without  showing 
any  tendency  to  combine;  their  respective  particles  are  not  endowed 
with  freedom  of  motion  so  as  to  come  into  close  contact:  add  water,  it 
overcomes  their  remaining  cohesion,  they  dissolve,  attract  each  other 
chemically,  producing  a  solution,  in  which,  if  proper  proportions  are 
employed,  the  taste  of  neither  substance  is  perceptible,  and  this  union 
is  attended  Avith  the  escape  of  a  vast  quantity  of  gaseous  matter,  forming 
the  well-known  eff'ervescence. 

If  sand,  carbonate  of  soda,  and  red-lead  be  reduced  to  fine  powder, 
and  intimately  mixed  together,  they  shoAV  no  tendency  to  combine.  If 
water  is  added,  the  carbonate  of  soda  dissolves;  but  no  other  result 
takes  place,  excepting  that  the  sand  and  red-lead  sink  as  an  insoluble 
mixture  to  the  bottom  of  the  vessel  containing  the  experiment.  We 
must  seek  then  another  agent  to  cause  the  union  of  these  three  distinct 
and  opposite  bodies:  expose  the  powder  to  a  very  strong  heat,  the 
cohesion  of  its  constituent  particles  will  be  overcome ;  they  melt,  and 
in  this  fluid  state  begin  to  exert  a  strong  chemical  attraction  for  each 
other,  and  ultimately  produce  a  compound  which  is  solid,  hard,  trans- 
parent, and  brittle,  namely  glass. 

The  whole  art  of  making  this  truly  wonderful  and  important 
substance  depends  upon  Chemical  Attraction;  it  is  another  instance  of 
the  application  of  science  to  purposes  of  practical  utility.  There  are 
few  compounds  in  which  the  properties  of  the  components  are  more 
completely  disguised  than  in   glass.      "Who  would  imagine  that  glass, 
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transparent  and  beautiful  as  it  is,  consists  of  three  opaque  bodies  of  such 
distinct  and  opposite  natures  ?  Water  poured  into  a  glass  will  no  longer 
be  able  to  dissolve  away  the  soda,  as  it  did  from  the  mixture  before 
fusion;  and  this  is  a  remarkable  instance  of  aggregation  preventing 
chemical  action,  for  if  the  glass  be  reduced  to  a  moderately-fine  powder, 
water  will  then  instantly  dissolve  out  the  soluble  soda*. 

Soda  presents  an  example  of  what  chemists  call  an  alkali:  there 
are  several  such  bodies,  and  they  are  all  characterized  by  changing  the 
yellow  colour  of  vegetables  to  a  reddish-brown,  the  yellow  of  the 
turmeric  particularly.  Paper  stained  with  the  watery  infusion  of  this 
vegetable  is  called  test-paper.  Place  a  bit  of  glass  upon  it,  moistened 
with  water,  no  change  of  the  yellow  colour  results:  it,  however,  instantly 
changes  to  brown  if  powdered  glass  be  so  treated,  thus  indicating  that 
alkali  is  abstracted  by  the  water  when  aggregation  is  to  some  extent 
destroyed.  Acids  are  opposed  to  alkalies,  and,  generally  speaking,  they 
change  vegetable  blue  colours  to  red:  paper  stained  with  watery  infusions 
of  violets  or  litmus,  is  used  as  a  test-paper  for  acids.  Thus  the  tartaric 
acid  instantly  reddens  litmus  paper;  but  carbonate  of  soda,  or  soda,  will 
restore  the  blue  colour:  in  other  words,  it  is  said  to  neutralize  the  acid; 
hence  when  soda-water  powders  are  dissolved  in  water,  the  resulting 
solution  is  neutral,  neither  acid  nor  alkaline. 

The  production  of  colour,  or  its  modification  by  chemical  agents, 
is  the  foundation  of  the  arts  of  colour-making,  dyeing,  and  calico-printing. 
Thus,  lead  exposed  to  heat  absorbs  oxygen,  forming  a  red  oxide,  which 
is  employed  as  a  pigment,  under  the  name  of  red-lead.  If  a  piece  of 
white  cloth  be  immersed  in  a  solution  of  sulphate  of  iron,  afterwards 
dried,  and  then  soaked  in  an  infusion  of  galls,  these  two  substances  will 
attract  each  other  in  the  fibre  of  the  cloth,  and  form  ink,  with  Avliich 
compound  the  cloth  is  permanently  dyed.  If  any  design,  such  as  a  letter 
or  flower,  be  drawn  upon  white  calico,  with  a  solution  of  prussiate  of 
potash,  which  is  bright  yellow,  allowed  to  dry,  and  then  soaked  in  the 
solution  of  sulphate  of  iron,  the  two  substances  will  attract  each  other, 
and  produce  a  beautiful  blue  (prussian  blue),  wherever  the  design  ex- 
tends. This  is  the  principle  upon  which  one  department  of  the  beautiful 
art  of  calico-printing  depends.  If  a  strong  solution  of  the  well-known 
chloride  of  lime  be  spotted  over  the  black  cloth,  the  dye  is  destroyed 
wherever  it  touches,  and  white  spots  appear  upon  a  black  ground;  and 
if  the  dyed  or  printed  cloths  be  immersed  in  this  solution,  they  become 
perfectly  bleached,  in  consequence  of  the  destruction  of  dye  and  colour 
by  the  agency  of  chlorine.  This  is  the  principle  of  the  whole  modern 
art  of  bleaching. 

Substances  which  are  useless,  or  of  little  value  alone,  form,  by 
chemical  attraction,  compounds  of  vast  utility.  The  skins  of  animals 
in  a  recent  state  do  not  admit  of  many  useful  applications;  they  are 
gelatinous,  and  prone  to  putrefaction  and  decay.  The  bark  of  trees  is 
of  little  value,  excepting  for  fuel;  it  is  also  apt  to  become  mouldy  and 
rotten:  but  if  an  infusion  of  bark  be  made,  and  a  recent  skin  thrown 
into  jt,  and  suffered  to  remain  for  some  weeks,  the  animal  and  vegetaljle 

*  A  fact  discovered  by  Griffiths,  Quarterly  Journal,  xx.  262. 
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matters  will  be  found  to  have  entered  into  mutual  combination,  producing 
a  substance,  having  thejbr7n  of  the  skin,  it  is  true,  but  neither  its  texture 
or  habitudes;  unlike  its  components  it  is  insoluble  in  vpater,  and,  so  far 
from  being  pi-one  to  putrefaction,  it  is  remarkably  permanent  and  of 
extreme  utility,  admitting  of  manifold  applications  in  the  arts  and  manu- 
factures, and  known  as  leather,  produced  by  the  art  of  tanning*.  A 
solution  of  glue  or  other  animal  jelly,  added  to  infusion  of  oak-bark, 
will  instantly  form  a  solid  mass,  which  is,  chemically  speaking,  leather, 
wanting  only  texture. 

Leather,  as  it  comes  from  the  tanners,  is  of  a  nutmeg-brown  or 
russet-colour,  and  was  formerly  exclusively  employed  in  this  state,  for 
harness,  sandals,  &c.  Accident,  perhaps,  first  showed  that  the  contact 
of  iron  discoloured  it,  a  sword  might  have  been  left  in  a  wet  leather 
scabbard,  or  a  spur  upon  a  wet  riding-boot,  which  would  both  become 
black  wherever  there  was  contact  with  the  steel  or  iron ;  this,  probably, 
gave  the  first  hint  of  dyeing  leather  black,  and  gradually  solutions  of 
iron  were  employed  for  the  purpose,  under  the  name  of  "  Copperas 
Waters."  Copperas  is  sulphate  of  iron,  and  a  little  of  its  solution  washed 
over  russet  leather  will  instantly  dye  it  black,  on  account  of  chemically 
imiting  vntli  the  matter  of  the  oak-bark  which  the  leather  contains, 
and  forming  ink. 

All  black  leather,  excepting  Japan  leather,  is  dyed  with  solutions  of 
iron, — generally  the  sulphate  of  iron ;  other  colours  are  produced  by 
different  metallic  solutions,  as  will  be  fully  shown,  when  particularly 
discussing  the  chemical  arts. 

The  action  of  various  acids  upon  the  metals  presents  some  very  im- 
portant and  pleasing  instances  of  chemical  affinity,  a  great  number  of  com- 
pounds are  thus  produced  which  are  called  salts,  all  of  which  have  their 
useSj  either  in  chemistry,  medicine,  the  arts,  or  manufactures  t. 

If  a  piece  of  pure  silver  be  placed  in  a  glass  containing  nitric  acid, 
diluted  with  three  parts  of  Avater,  (and  distilled  or  pure  water  is  in  all 
cases  to  be  understood  J,)  a  violent  action  and  a  vast  evolution  of  dark 
orange-coloured  vapours  takes  place ;  the  silver  rapidly  diminishes  in  bulk, 
and  ultimately  completely  dissolves,  forming  a  transparent  colourless 
solution,  (if  the  silver  be  thrown  into  the  acid  in  fine  filings,  the  action 
is  still  more  energetic,  and  part  of  the  materials  fly  suddenly  out  of  the 
vessel  and  are  lost,  it  is  therefore  better  to  employ  the  metal  in  its  more 
aggregated  state.)  Now  this  is  a  curious  and  remarkable  phenomenon, 
consequent  upon  the  attraction  which  the  two  substances  have  for  each 
other ;  no  ordinary  solvent  will  act  upon  silver,  and  therefore  its  solution 
in  this  instance  is  totally  unlocked  for;  it  proves  the  impossibility  of 
anticipating  the  result  of  chemical  action,  by  any  reasoning  «  priori,  it 


•  Probably  the  most  ancient  art  on 
record. 

■f  In  making  these  solutions  of  metals 
in  acids,  and  indeed  in  all  cases  where 
fumes  are  evolved,  the  vessels  containing 
the  experiment  should  be  placed  beneath 
a  chimney,  so  that  the  fumes  may  be  car- 
ried away  without  annoying  the  operator. 


■'" :{:  Distilled  water  may  be  abundantly 
obtained  from  the  waste-pipe  of  a  hot- 
house, or  other  buildmg  heated  by  steam : 
the  waste  steam  from  any  boiler,  if  con- 
densed in  a  worm-pipe,  will  furnish  dis- 
tilled water  of  purity  sufficient  for  all  ordi- 
nary purposes.  Recent  rain-water  may 
be  substituted  for  distilled,  if  there  is  much 
difficulty  about  the  distillation. 
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can  only  be  determined  by  experiment.  Add  silver  to  the  solution  until 
the  acid  refuses  to  dissolve  any  more,  or  is  saturated  with  the  metal,  then 
pour  off  the  clear  solution  into  a  cup  or  glass,  set  upon  hot  sand,  and 
allow  it  to  cool  very  gradually;  determinate  figures  will  soon  make  their 
appearance  throughout  the  liquid,  they  will  gradually  increase  in  size 
until  a  considerable  mass  of  white  and  beautiful  crystals  form,  which 
are  those  of  the  nitrate  of  silver.  Thus  you  have  an  example  of  the 
union  of  a  liquid  acid  with  a  solid  metal,  producing  a  solid  crystalline 
body,  which  is  a  salt  of  silver.  A  piece  of  copper  acted  upon  by 
the  diluted  nitric  acid,  will  readily  dissolve  with  the  disengagement  of 
the  same  orange-coloured  vapours ;  but  the  solution,  instead  of  being 
colourless,  has  a  beautiful  deep  blue  tint,  and  if  saturated  and  allowed  to 
cool,  as  just  directed,  it  yields  blue  crystals  of  nitrate  of  copper.  Dry 
both  crystalline  products  between  two  or  three  folds  of  blotting-paper, 
and  leave  them  exposed  for  a  few  hours  to  light  and  air,  the  salt  of  silver 
will  soon  become  purple,  dark  purple,  and  lastly,  black,  the  salt  of 
copper  will  lose  its  solid  form,  and  gradually  pass  into  the  liquid  state, 
but  undergo  no  change  of  colour.  Place  portions  of  the  two  salts  in  a 
dark  room  for  a  similar  length  of  time,  the  nitrate  of  silver  will  remain 
solid  and  white,  that  of  copper  will  still  deliquesce  exactly  as  before. 
We  find,  then,  that  the  presence  of  light,  which  is  an  imponderable 
element,  aficcts  the  nitrate  of  silver;  but  what  causes  the  change  in 
the  other?  Nothing  more  than  the  watery  vapour  in  the  atmosphere, 
for  which  it  has  a  strong  attraction,  and  which  therefore  dissolves  it 
when  exposed. 

The  blackening  effect  of  light  upon  nitrate  of  silver,  is  applied 
to  domestic  purposes,  for  marking  linen.  Permanent  ink  is  a  strong 
solution  of  it,  which  has  a  powerful  attraction  for  vegetable  fibre ;. 
many  dyes  for  the  hair,  also,  contain  this  salt ;  ivory,  bone,  and  leather, 
are  also  frequently  stained  black  by  its  employment ;  if  any  portion 
chances  to  touch  the  fingers  in  the  above  experiments,  they  will  be 
indelibly  dyed  black.  The  crystals  of  nitrate  of  copper  are  highly 
soluble  in  spirits  of  wine;  and  if  the  solution  be  kindled,  it  burns 
with  a  lovely  emerald-green  flame,  hence  it  is  abundantly  employed  in 
pyrotechny,  which  is  completely  a  chemical  art ;  sponges  soaked  in  the 
alcoholic  solution  of  nitrate  of  copper,  and  suspended  by  fine  wires  over 
the  stage  of  theatres,  produce  the  lambent  green  flames  noAv  so  common  in 
incantation-scenes  ;  strips  of  flannel  saturated  with  it,  and  applied  round 
copper  swords,  tridents,  &c.,  produce,  when  lighted,  the  flaming-swords 
and  fire-forks,  brandished  by  the  demons  of  such  scenes :  the  chief  con- 
sumption of  nitrate  of  copper  is  for  these  purposes.  In  theatrical  dis- 
plays, the  skill  of  the  chemist  is  everywhere  called  into  activity,  producing 
not  only  various-coloured  flames  and  magical  appearances,  but  also 
contributing  to  the  splendour  of  the  scenery,  dresses,  and  decorations, 
the  perfection  of  the  gas-lights,  and  to  the  eflliciency  of  the  ventilation. 
Many  other  amusements  depend  mainly  upon  chemistry  for  their  interest 
and  perfection. 

The  nitrates  of  silver  and  of  copper  will  yet  further  present  some 
curious  information.     Take  the  solution  of  the  first,  diluted  with  about 
half  its  weight  of  water  in  a  glass,  and  place  in  it  a  slip  of  bright 
Vol.  II.  E  7 
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copper.  The  instant  that  this  metal  comes  into  contact  with  the  solu- 
tion a  remarkable  result  takes  place;  the  silver  begins  to  reappear  in 
a  crystalline  metallic  state,  and  the  solution  assumes  a  bright  blue  colour; 
let  the  experiment  continue  until  silver  ceases  to  deposit  or  precipitate, 
then  brush  it  all  away  from  the  copper,  allow  it  to  subside,  pour  off  the 
blue  solution,  add  a  little  water  to  the  residuum,  pour  this  off  after 
further  subsidence,  into  the  first  portions,  and  thus  wash  the  silver  until 
the  water  is  no  longer  blue;  then  collect,  dry,  and  weigh  the  silver;  it 
will  present  the  same  weight  as  that  of  the  pieces  originally  dissolved*. 
This  is  a  process  of  great  importance  in  the  art  of  assaying  and  metallurgy, 
and  is  constantly  practised  by  the  workers  in  silver,  to  recover  the  precious 
metal  from  its  solutions,  and,  as  it  appears  in  a  solid  state  from  a  solution, 
they  call  it  "  water  silver."  The  theory  of  the  operation  is  simply  this, 
the  metal  copper  has  a  stronger  attraction  or  affinity  for  nitric  acid  than 
the  silver  has,  and,  therefore,  when  put  into  the  solution  of  the  nitrate, 
it  robs  the  silver  of  the  nitric  acid,  and  compels  it  to  precipitate  in  its 
metallic  state;  the  copper  taking  its  place  in  the  solution  to  form  nitrate 
of  copper.  This  may  be  proved  by  evaporating  the  blue  solution  and 
washings  nearly  to  dryness,  then  cooling  it ;  for  the  production  of  crystals, 
which  will  appear  in  the  full  enjoyment  of  all  the  characters  of  deli- 
quescence, solubility  in  alcohol,  &c.,  which  were  found  to  belong  to  the 
nitrate  produced  by  the  direct  union  of  nitric  acid  with  copper.  Take 
either  solution  of  nitrate  of  copper,  diluted  with  water  in  a  glass,  as 
before  directed,  and  place  in  it  a  plate  of  silver;  no  action  will  ensue, 
because  the  nitric  acid  has  the  strongest  attraction  for  the  copper,  but 
remove  the  silver,  and  substitute  a  plate  of  clean  iron,  a  very  different 
matter  ensues:  the  instant  that  it  touches  the  blue  solution  it  becomes 
coA'ered  with  a  brilliant  coating  of  metallic  copper;  upon  continuing 
the  experiment,  the  solution  assumes  a  green  colour;  and  ultimately  no 
more  copper  is  deposited;  then  decant  the  solution,  separate,  wash,  and 
dry  the  copper,  as  before  directed  with  the  precipitated  silver,  and,  if  the 
nitrate  employed  was  that  produced  by  the  direct  union  of  the  acid  and 
copper,  the  weight  of  the  precipitated  metal  will  be  that  of  what  was 
originally  dissolved.  The  theory  of  this  process  is  analogous  to  that  of 
the  former  one;  the  iron,  in  this  instance,  has  a  stronger  affinity  for  the 
nitric  acid  than  the  copper  has,  therefore  robs  it  of  the  acid,  compels  the 
copper  to  precipitate,  and  takes  its  place  in  the  solution,  forming  nitrate 
of  iron. 

This  experiment  is  not  without  its  practical  applications  in  the  arts, 
for  recovering  copper  from  its  solutions  in  various  acids;  the  water  which 
is  found  in  copper-mines  very  frequently  contains  a  large  proportion  of 
soluble  salts  of  copper;  this  was  formerly  allowed  to  run  waste.  The 
story  goes,  that  a  miner  accidentally  left  his  iron  pick  in  the  water,  and, 
next  day,  upon  resuming  his  work  with  it,  he  found  that  it  was  con- 
verted into  copper.  This  led  to  an  examination  of  the  cupreous  waters, 
and  chemistry  soon  divested  the  matter  of  the  marvellous  transmutation, 
by  pointing  out  that  it  was  a  case  referrible  to  affinity,  and  still  further 


■  *  The  most  convenient  way  of  collecting 
the  silver  is  to  get  it  into  a  small  saucer, 
and  let  the'water  slowly  evaporate  from  it ; 


if  it  is  poured  on  a  filter  much  of  the  silver 
adheres  to  the  paper,  and  cannot  be  readily 
detached. 
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proving  that  it  might  be  employed  to  advantage.  Accordingly,  quan- 
tities of  refuse  iron  are  now  thrown  into  such  waters,  and  allowed  to 
•  remain  until  they  precipitate  the  copper,  which,  being  collected  and 
melted,  furnishes  a  notable  proportion  of  the  metal  of  commerce. 

The  green  solution  of  nitrate  of  iron  resulting  from  this  last  experi- 
ment, if  evaporated  with  the  view  of  obtaining  crystals,  turns  of  a  deep- 
brown  colour,  and  refuses  to  show  any  tendency  to  crystallize ;  it  is  an 
uncrystallizable  deliquescent  salt;  nor  can  we,  by  placing  any  other 
metals  in  its  solution,  cause  the  iron  to  precipitate  in  the  metallic  state : 
it  has  got  the  nitric  acid,  and  holds  it  in  defiance  of  the  attacks  of  other 
metals;  its  affinity  for  the  acid  is  superior  to  any  of  them.  There  is  no 
direct  method  of  obtaining  the  iron  from  the  nitrate. 

All  the  foregoing  experiments  were  invented  by  the  alchymists,  and 
described  by  them  under  very  fanciful  names.  They  were  also  frequently 
adduced  as  instances  of  the  real  ti-ansmutation  of  copper  into  silver,  iron 
into  copper,  &c.,  and,  in  the  early  dawn  of  science,  such  a  conclusion  was 
by  no  means  absurd  or  preposterous.  "  He  who  first  saw  the  corrosion 
of  a  metal  by  a  limpid  liquid, — who  beheld  the  opaque  and  ponderous 
body  gradually  disappear,  and  become  part  of  a  transparent  and  ap- 
parently homogeneous  fluid,  and  who  saw  the  same  metal  reappear  upon 
the  addition  of  a  proper  precipitant,  must  have  been  infinitely  surprised, 
and  struck  with  admiration  of  the  occult  powers  of  nature  *." 

If  we  subject  some  of  the  scarcer  metals  to  the  action  of  nitric 
acid,  the  results  are  very  remarkable;  potassium  may  be  selected  as  an 
instance.  Drop  a  globule  of  it,  about  the  size  of  a  large  pea,  into  a  small 
cup  nearly  full  of  water,  containing  a  drop  or  two  of  strong  nitric 
acid ;  the  moment  that  the  metal  touches  the  liquid,  it  floats  upon  its 
surface,  enveloped  with  a  beautiful  rose-coloured  flame,  and  entirely 
dissolves.  This  is  an  example  of  intense  Chemical  Attraction,  existing 
between  the  two  substances,  and  the  usual  attendants  upon  it  are  the 
evolution  of  light  and  heat.  Try  the  solution  with  a  piece  of  turmeric- 
paper  ;  if  its  colour  is  changed  brown,  a  drop  or  two  more  acid  must  be 
cautiously  applied, — if,  on  the  contrary,  it  reddens  litmus-paper,  a  small 
globule  or  two  of  potassium  is  required ;  the  object  being  to  obtain  a 
neutral  solution :  this  is  easily  effected,  and  now  if  it  be  carefully  eva- 
porated to  about  half  its  bulk,  and  set  to  crystallize,  beautiful  crystals 
will  begin  to  form,  which  are  those  of  the  nitrate  of  potash  ;  commonly 
called  nitre^  or  saltpetre. 

The  theory  of  the  experiment  is  simple,  yet  highly  instructive ; 
water  (as  will  be  hereafter  fully  proved)  consists  of  oxygen  and  hydrogen. 
Potassium  has  an  intense  attraction  for  oxygen,  it  therefore  snatches  it 
energetically  from  combination  with  hydrogen,  with  such  rapidity  and 
force,  as  to  evolve  heat  sufficient  to  cause  the  hydrogen  to  burst  into 
flame ;  the  oxide  of  potassium  (potash,)  thus  produced,  is  instantly 
attracted  by  the  nitric  acid  in  the  water,  forming  solution  of  nitrate  of 
potash,  which  readily  yields  crystals  of  a  six-sided  form  t. 


*  Bergman's  Opuscula. 

•f  In  all  the  foregoing  experiments  upon 
the  solution  of  metals  in  nitric  acid,  they 


become  oxidized  at  the  expense  of  part  of 
its  oxygen,  and  the  oxides  thus  produced, 
combine  with  other  portions  of  the  acid  to 
form  nitrates. 
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Place  some  dry  crystals  of  nitrate  of  potash  in  a  glass  retort,  pro- 
vided with  a  proper  receiver,  and  pour  on  the  crystals  some  oil  of  vitriol, 
or  suljjhuric  acid;  apply  a  moderate  heat,  red  fumes  will  soon  appear  in 
great  abundance,  which  passing  over  and  becoming  condensed  in  the 
cold  receiver,  present  pure  liquid  nitric  acid;  the  stilpkuric  acid 
expelling  it  from  its  combination  with  potash,  and  therefore  sulphate  of 
potash  remains  in  the  retort.  That  this  new  result  is  the  nitric  acid, 
may  be  proved  by  causing  it  to  act  upon  silver,  copper,  or  iron;  their 
respective  nitrates  will  be  as  readily  produced,  as  they  were  by  employ- 
ing the  acid  of  commerce  purchased  at  the  chemist's. 

After  having  ascertained  this  fact,  dissolve  some  lead  in  diluted 
nitric  acid,  and  thus  make  a  solution  of  nitrate  of  lead,  for  an  experi- 
ment which  will  be  required  immediately.  Now  examine  the  sulphate 
of  potash  in  the  retort ;  very  likely  it  is  a  little  acid  from  excess  of 
sulphuric  acid  remaining  in  it ;  if  so,  neutralize  this, — it  may  be  done 
with  potassium ;  but  this  is  rather  too  expensive,  therefore  employ  a 
solution  of  pure  potash.  The  neutral  sulphate  of  potash  is  very  inso- 
luble in  water,  and  crystallizes  in  shorter  prisms  than  nitre ;  but  you 
can  obtain  a  solution  of  it  in  about  16  parts  of  water;  add  this  to  the 
neutral  solution  of  nitrate  of  lead,  and  note  the  result ;  both  solutions 
were  transparent  and  clear,  but  upon  mixture,  a  copious  mass  of  white 
solid  matter  appears,  which,  upon  a  short  repose,  precipitates,  leaving  the 
supernatant  liquid  clear  and  colourless.  This  is  an  example  of  double 
decomposition,  the  theory  of  which  may  be  easily  understood.  Sulphate 
of  potash  consists  of  sulphuric  acid  and  potash,  or  oxide  of  potassium, 
nitrate  of  lead  consists  of  nitric  acid  and  oxide  of  lead ;  but,  when  the 
two  salts  are  mixed  together,  the  sulphuric  acid  having  a  stronger 
affinity  for  the  oxide  of  lead  than  the  nitric  acid  has,  combines  with  it, 
forming  sulphate  of  lead,  which  being  very  insoluble,  precipitates  in  the 
solid  form :  the  potash  thus  freed  from  union  with  sulphuric  acid  is 
instantly  attracted  by  the  nitric  acid,  Avhich  existed  in  the  nitrate  of 
lead ;  therefore  a  nitrate  of  potash  is  formed,  which  remains  in  solution, 
and  its  crystals  may  be  obtained  in  the  usual  manner.  So  that  in  this 
experiment  there  is  an  interchange  of  acids  between  the  oxides  of  the 
two  metals;  two  soluble  salts  producing  one  that  is  insoluble,  and 
another  remaining  in  solution. 

Such  then  are  a  few  of  the  manifold  results  of  Chemical  Affinity, 
and  a  passing  notice  or  so  regarding  their  application  to  some  of  the 
arts.  The  object  of  this  paper  is  to  put  the  student  in  possession  of  a 
general  notion  of  chemical  operations,  without  entering  particularly  into 
all  their  minutiae ;  the  application  of  the  theory  of  definite  proportions 
to  some  of  these  results,  and  the  consideration  of  others  in  which 
chemical  action  takes  place  more  intensely  and  suddenly,  will  form 
matter  for  future  discussion. 
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What  vague  and  false  notions  of  the  planetary  system  common  orreries, 
or  planetaria,  invariably  convey  to  the  learner,  who  receives  his  first 
ideas  on  the  science  of  Astronomy  by  means  of  them,  must  strike  every 
one  who  is  curious  enough  to  examine  a  beginner  as  to  the  .progress  he 
has  made.  The  reason  is  palpable;  those  who  recommend  the  use  of 
these  machines,  as  capable  of  facilitating  the  acquisition  of  ideas  on  what 
they  regard  as  an  abstruse  subject,  decide  from  the  well-known  Horatian 
maxim;  but  they  do  not  consider,  that  unless  the  associations  early 
excited  by  impressions  from  visible  objects  are  perfectly  consistent  with 
truth,  their  vividness  tends  to  render  nugatory  all  attempts  to  correct 
those  erroneous  impressions  by  subsequent  study.  These  advocates  forget 
that  the  absurd  misrepresentations  of  relative  magnitudes  and  distances, 
which  result  from  the  attempt  to  explain  a  great  number  of  celestial 
phenomena  by  one  machine,  make  impressions  on  the  mind  of  ordinary 
learners  which  are  too  powerful  to  be  subsequently  effaced  by  abstract 
numerical  details,  or  by  pure  mathematical  reasoning. 

If  the  common  Orrery  were  only  had  recourse  to  when  the  mind  of 
the  pupil  had  been  habituated  to  comprehend  very  abstract  ideas,  and  to 
control  the  impressions  derived  from  his  senses  by  the  exercise  of  his 
judgment,  there  is  no  doubt  that  it  might  be  advantageously  made  use  of 
on  some  occasions;  but  this  is  not  the  case  with  the  popular  mode  of 
teaching;  the  Orrery  is  shown  to  the  learner  before  he  has  the  slightest 
correct  conceptions  on  the  subjects, — probably  before  he  has  received 
even  the  most  elementary  instructions  in  plane  geometry.  Who,  there- 
fore, can  be  surprised  if  the  false  ideas  imparted  by  the  visible  machine 
before  him,  cannot  be  counteracted  by  the  teacher's  exhortations  not  to 
pay  attention  to  the  magnitudes  and  distances  of  the  representative  planets. 

This  evil  might  perhaps  be  submitted  to,  if  there  were  any  counter- 
balancing advantages ;  but  the  ideas  which  ordinary  orreries  are  intended 
to  convey,  are  precisely  those  which  there  can  be  no  difficulty  in  acquiring 
from  verbal  instructions,  or  by  means  of  good  diagrams.  The  general 
conception  of  bodies  revolving  in  space  round  a  central  one,  at  diffi3rent 
distances,  and  with  diffi;rent  velocities,  is  too  simple  to  present  any 
difficulty  to  the  slowest  comprehension,  and  a  few  concentric  circles,  at 
the  correct  proportional  distances,  drawn  on  paper,  are  quite  as  adequate 
to  assist  the  understanding  as  the  most  elaborate  planetarium,  and  do 
not  convey  any  false  impressions.  The  common  anxiety  of  machinists  to 
show  their  skill  by  ingenious  combinations  of  wheelwork,  induces  them 
to  aim  at  making  complex  machines,  by  which  the  planets  are  carried 
round  in  their  orbits;  but  to  effect  this,  they  are  obliged  to  violate  still 
more  flagrantly  proportional  distance,  and  even  then  without  arriving  at 
anything  like  the  correct  motions  which  require  illustration.  Added  to 
these  elementary  motions,  orreries  are  intended  to  explain  the  phenomena 
of  night  and  day,  of  the  seasons,  the  lunar  phases,  and  eclipses,  &c.;  to 
effect  all  this,  the  falsifications  we  allude  to  are  carried  to  a  most  ludi- 
crous extent,  till  the  machine  becomes  only  a  fertile  source  of  every 
erroneous  notion  that  can  be  conceived  on  the  subject. 

We  must  here  mention  that  our  objections  are  only  against  Orreries 
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or  Planetaria,  and  do  not  apply  in  any  way  to  Globes,  which  are  as 
deserving  of  eulogium  as  the  former  are  of  ridicule.  The  astronomical 
or  geographical  phenomena  which  it  is  the  object  of  a  globe  to  elucidate, 
are  really  made  more  comprehensible  by  such  an  auxiliary;  and,  while 
affording  this  help  to  the  learner,  the  globe  actually  rectifies  the  erroneous 
impressions  previously  received  from  his  senses,  it  constantly  reminds 
him  that  the  inequalities  on  the  earth's  surface,  which  are  so  great  in 
relation  to  him,  and  to  the  minute  portion  of  that  surface  he  can  view  at 
one  time,  are  really  insensible  in  relation  to  the  whole  mass.  Tlie  mind 
conceives  the  true  nature  of  the  "  vast  unfathomable  ocean"  in  reference 
to  the  earth,  w^hen  it  perceives,  from  a  simple  calculation,  that  the 
thickness  of  the  paper,  covering  the  artificial  ball,  is  a  tolerable  represen- 
tative of  its  real  average  depth ;  and  how  much  are  the  wonders  revealed 
by  geology  rendered  intelligible,  when  the  learner  acknowledges  that  a 
grain  of  sand,  stuck  on  his  globe,  is  a  correct  model  of  Darwhal  Ghiri, 
or  Chimbora90,  and  a  scratch  with  a  pin  exaggerates  the  deepest  natural 
valley,  or  the  slightest  puncture  the  deepest  mine  which  human  labour 
has  ever  excavated.  But  the  sublime  ideas  of  creative  power,  which  the 
law  of  gravitation  must  excite,  when  the  mind  rightly  conceives  the 
comparatively  minute  masses  acting  on  each  other  at  enormous  distances, 
remain  undeveloped  in  that  which  has  imbibed  its  notions  on  the  subject 
by  means  of  a  two-inch  world,  stuck  on  a  brass  wire  at  perhaps  four 
inches'  distance  from  a  half-inch  sun*. 

These  remarks  have  been  suggested  by  a  Lunarium  sent  to  us  by  a 
friend,  who,  agreeing  in  our  opinions  on  the  worthlessness  of  common 
machines,  has  endeavoured,  in  that  before  us,  to  remove  their  defects, 
and  to  accomplish  what  they  are  perfectly  incompetent  to  do.  The 
merits  of  this  rational  "  toy"  are,  that  it  can  be  made  by  any  one  who 
has  a  little  ingenuity,  and  that,  with  this  simplicity,  it  effects,  with 
accuracy^  all  it  purposes;  it  is,  in  short,  the  contrivance  of  a  mathe- 
matician and  philosopher ;  and  we  think  many  of  our  readers  will 
thank  us  for  such  a  description  of  it  as  will  enable  them  to  make  and  to 
adjust  it. 


*  Every  beginner  should  learn,  by  heart 
we  might  say,  Sir  John  Herschel's  receipt 
for  an  Orrery:  we  give  it  here  with  some 
alterations,  for  the  sake  of  supporting  our 
views  on  the  subject  by  such  an  authority. 

Choose  any  large  level  field.  In  the 
middle,  place  a  globe  two  feet  in  diame- 
ter; this  will  represent  the  Sun;  place  a 
grain  of  mustard-seed  at  82  feet  distance 
from  the  sun  for  Mercury ;  a  pea,  at  the 
distance  of  142  feet  from  the  sun,  will  re- 
present Venus.  Our  Earth  will  be  an- 
other pea,  at  215  feet  from  the  sun;  Mars 
will  be  a  large  pin's  head,  327  feet  off; 
four  grains  of  sand,  at  distances  of  5  to  COO 
feet,  will  represent  the  new  planets.  Ju- 
piter will  be  a  moderate-sized  orange,  a 
quarter  of  a  mile  from  the  sun.  Sattirn 
a  smaller  orange,  two-fifths  of  a  mile,  or 
1408  feet,  from  the  sun;  and,  lastly,  [Tra- 
nns   a   full-sized  cherry,    or  small  plum, 


three  quarters  of  a  mile  from  the  sun. 
"As  to  getting  correct  notions  on  this 
subject  by  those  very  childish  toys,  called 
orreries,  it  is  out  of  the  question."  (Sir 
J.  Herschel's  Astronomy ;  Lardner's  Cy- 
clopeedia,  p.  287.) 

Tliis  is  the  smallest  scale  on  which  an 
orrery  could  be  constructed  to  show  the 
satellites  and  the  smaller  planets.  The 
moon,  in  the  above  model,  would  be  a 
common  pin's  head,  six  and  a  half  inches 
from  the  earth-pea.  When  we  conceive 
this  model,  and  reflect  that  the  two-feet 
globe  keeps  the  plum  in  its  orbit  at  three 
quarters  of  a  mile  distance,  and  that  the 
two  oranges  act  on  the  plum,  and  the 
peas,  and  on  one  another,  and  still  more 
on  the  pin-head  moon,  in  all  possible  posi- 
tions, as  they  revolve  round  the  globe,  the 
mind  begins  to  get  a  glimpse  of  the  power 
of  gravity. 
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The  board  which  serves  as  a  stand,  represents  a  plane  parallel  to  the 
ecliptic.  The  cylindrical  block  A  has  its  upper  surface  cut  obliquely,  so 
that  its  plane  may  form  an  angle  of  5°  9'  with  the  ecliptic;  that  being 
the  inclination  of  the  moon's  orbit  to  it.  This  oblique  surface  is  covered 
with  paper,  and  a  graduated  circle  described  on  it,  through  which  a 
diameter  must  be  drawn,  correctly  parallel  to  the  intersection  of  the  two 
planes,  to  represent  the  line  of  the  moon's  nodes;  the  ends  of  this  diameter 
must  be  the  0°,  and  180°  of  the  division  on  the  circle.  The  block  A 
turns  round  in,  and  concentric  with,  the  ring  B,  on  the  surface  of  which 
a  graduated  circle  is  also  drawn  on  paper:  this  lower  piece  B  is  made 
with  a  pivot  to  fit  into  a  hole  in  the  board,  to  admit  of  a  and  b  being 
turned  round  together  on  their  centres.  The  pillar  c  is  screwed  fast  into 
a;  it  has  an  oblique  shoulder  to  carry  the  wire  axis  of  the  earth  at  the 
proper  inclination  of  QQ^°  to  the  ecliptic;  this  shoulder  turns  on  c  to 
allow  of  the  earth's  axis  being  set  to  point  to  the  proper  sign  of  the 
Zodiac  in  the  circle  on  b. 


H  is  a  light  frame  to  carry  the  moon,  m  ;  the  opening  is  contracted 
to  the  thickness  of  c  at  one  end,  by  two  ivory  (or  brass  or  wood)  slips 
fixed  on  its  under-side  and  Jiush  with  that  face ;  Avhen  ii,  therefore,  is 
turned  round,  resting  on  the  oblique  face  of  A,  these  slips  prevent  any 
lateral  motion.  At  the  other  end  of  ii  a  square  plate  of  ivory  (wood  or 
brass)  is  screwed  on  the  under-side  also,  the  upper  face  of  this  plate, 
therefore,  coincides  with  the  plane  of  the  surface  of  A :  on  this  plate 
a  graduated  circle  is  described  concentric  with  the  moon's  axis.  The 
moon  is  carried  on  a  double  pedestal,  the  lower  piece  having  a  pivot  to 
turn  in  the  central  hole  of  the  plate,  the  under- face  of  the  pedestal  is 
cut  bevelled  to  form  an  angle  of  5°  9'  with  its  axis,  so  that  by  turning  the 
pedestal  round,  the  axis  of  the  moon  may  be  made  to  stand  perpendicular 
to  the  ecliptic  in  every  position  of  H,  instead  of  being  perpendicular  to 
that  frame,  as  it  would  be  without  this  contrivance. 

The  length  of  the  frame,  h,  being  decided  on  at  pleasure,  (the  one 
before  us  is  ten  inches,  but  the  larger  the  better,)  divide  the  length  of 
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the  opening,  from  the  centre  of  the  circle  on  the  plate,  into  thirty-two 
parts,  (thirty  being  the  moon's  mean  distance  in  earth's  diameters.) 
Then,  making  the  centre  of  the  circle  zero,  mark  the  30th  division  on 
the  ivory  slips,  and  subdivide  a  division  or  tv»'o  on  each  side  into  tenths, 
to  serve  as  a  scale  for  setting  the  moon  at  her  true  distance  from  the 
earth.  The  ball  E,  to  represent  the  earth,  must  be  made  accurately  equal 
to  one  division  in  diameter,  or  one  thirtieth  of  the  mean  distance,  and  it 
must  have  an  equatorial  line  draw^n  on  it :  the  moon,  m,  is  to  be  made 
•36  of  the  earth's  diameter,  and  may  be  measured  from  the  scale  on  the 
slips.  In  the  instrument  we  are  describing,  the  moon  is  made  in  one 
piece  ^\i\\  the  upper  part  of  its  stand,  which  turns  round  on  the  lower 
pedestal,  before  mentioned,  to  allow  of  the  unblackened  half  of  the  sur- 
face being  turned  in  the  direcdon  of  the  sun,  as  indicated  by  the  line  bk, 
without  altering  the  adjustment  of  the  pedestal.  But  if  a  larger  scale  be 
adopted,  the  moon  may  be  made  to  slide  on  a  fine  needle  stuck  perpen- 
dicularly into  the  pedestal ;  in  either  case  there  must  be  contrived  means 
by  which  the  moon  may  be  set  correctly  at  the  same  height  above  the 
surface  of  the  plate,  tvhe7i  the  moon  is  in  her  node,  that  the  earth  is  raised 
above  the  centre  of  the  surface  of  A ;  or  in  short,  that  the  line  joining 
the  centres  of  the  two  balls  may,  in  that  position,  be  parallel  to  the 
board,  and  consequently  represent  one  in  the  true  ecliptic. 

The  dial,  d,  is  intended  to  supply  the  place  of  meridians  on  the 
earth,  and  should  be  drawn  on  paper  with  care,  for  the  latitude  of  the 
place,  and  being  then  mounted  on  a  conical  piece  of  wood,  cut  to  have 
its  flat  surface  truly  to  represent  the  horizon  of  that  place :  a  hemi- 
spherical hole  must  be  cut  out,  so  that  when  the  earth  is  sunk  in  it  the 
radiating  lines  of  the  dial  may  tend  to  its  centre*. 

The  pillar,  k,  is  to  indicate  the  direction  in  which  the  sun  is,  a  piece 
of  card  with  a  hole  to  represent  the  apparent  diameter  of  the  sun  is 
stuck  upright  on  its  top,  the  centre  of  this  hole  must  be  made  exactly  as 
high  above  the  board  as  the  centre  of  the  earth.  The  diameter  of  the 
hole  is  of  course  to  be  made  the  chord  of  the  angle,  subtended  by  the 
sun  from  the  earth,  the  arc  being  described  with  the  radius  equal  to  the 
distance  of  k  from  e. 

There  must  be  a  counterpoise  put  on  the  end  of  the  frame,  n,  to 
keep  its  under-side  close  down  on  the  top  of  a,  and  to  steady  it  while  it 
is  moved. 

To  adjust  the  Lunarium.  Turn  b  round  on  its  axis  till  the  line 
AK  of  the  sun's  direction  is  opposite  the  degree  on  the  gi'aduated  circle, 
corresponding  to  the  sun's  longitude  for  the  time.  Then  turn  a  round 
in  B,  to  bring  the  moon's  ascending  node  into  its  proper  degi-ee  on  the 
same  circle.  Turn  the  earth's  axis  round  on  c  till  it  lies  in  the  plane  of 
the  solstices,  perpendicular  to  the  ecliptic.  Raise  or  lower  the  dial  and 
earth  till  the  centre  is  perpendicularly  over  that  of  the  pillar  c,  or  over 
the  centre  of  the  ring  b  :  set  the  dial  in  the  meridian,  as  indicated  by  the 
earth's  axis.     Turn  ii  round  till  the  line  of  the  nodes  on  a  coincides  with 


•  This  dial  is,  of  course,  not  essential, 
and  may  be  dispensed  with  if  the  earth  be 
large  enough  to  admit  of  meridians  being 
drawn  on.  it,  but  we  would  advise  its  adop- 


tion, even  in  the  latter  case :  the  nicety 
required  to  construct  it  properly  is  a  good 
exercise,  and  it  materially  adds  to  the 
merits  of  the  Lunarium. 
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that  joining  the  axis  of  the  earth  and  moon ;  when  in  this  position,  raise 
or  depress  the  moon  on  its  pedestal  till  its  centre  is  at  the  same  height 
as  the  earth's  ahove  the  surface  of  the  board ;  that  is,  the  moon  must  be 
put  really  in  the  ecliptic  when  she  is  in  her  node ;  and  the  corresponding 
adjustment  for  the  sun's  centre  may  be  made  at  the  same  time.  Then 
move  the  frame,  ii,  till  its  axis,  or  the  line  parallel  to  the  radius  vector  of 
the  moon,  point  to  the  degree  of  longitude  on  A,  in  which  the  moon  is  at 
the  time  of  adjustment ;  in  this  new  position,  turn  the  lower  pedestal  of 
the  moon  round  on  its  axis,  till  that  axis  is  perpendicular  to  the  ecliptic ; 
a  small  index  stuck  in  the  pedestal  to  point  to  the  right  degree  on  the 
divided  circle,  will  allow  of  this  adjustment  being  made  with  facility  and 
accuracy  at  once  *.  Lastly,  move  the  frame,  h,  backwards  or  forwards 
till  the  moon  be  brought  to  her  true  distance  from  the  earth  at  the  time 
of  adjustment,  by  means  of  the  scale  on  the  slips ;  and  set  the  enlightened 
half  of  the  moon  towards  the  sun,  that  is,  make  the  plane  of  the  line 
separating  the  light  dark  halves  perpendicular  to  the  sun's  direction. 

The  board  may  be  made  to  slide  between  fillets  of  wood  nailed  down 
on  one  much  larger.  These  fillets  being  struck  out,  arcs  of  concentric 
circles  of  such  radii,  that  the  path  of  the  earth,  when  moving  between 
them,  may  be  the  circle  described  by  the  earth  at  its  true  proportionate 
mean  distance,  deduced  from  that  originally  assumed  for  the  earth  and 
moon :  these  fillets  may  be  spaced  out  into  dai/s :  this  addition  to  the 
Lunarium  will  enable  it  to  show  that  the  curve  described  in  space  by  the 
moon,  is  not  a  nodated  cycloid,  as  common  orreries  show  it,  but  one 
slightly  undulatory,  and  always  concave  to  the  sun. 

The  young  learner  must  be  impressed  with  the  characteristic  of  this 
instrument,  in  which,  indeed,  its  great  merit  consists ;  it  is  only  true  for 
one  fixed  position,  and  will  not  admit  of  the  moon's  being  made  to 
revolve  round  her  whole  orbit,  for  before  she  has  moved  through  one 
twentieth  part,  her  mean  distance  and  the  place  of  her  node  has  altered, 
but  by  the  simple  and  easy  adjustments  which  a  common  ephemeris  will 
enable  him  to  make  in  as  short  time  as  is  requisite  to  read  these  instruc- 
tions, he  has  the  earth  and  moon  in  their  real  positions,  and  by  moving 
the  moon  for  a  short  arc  in  her  orbit,  he  sees  the  direction  of  her  motion 
and  its  results.  But  if  he  look  through  the  hole  on  K,  he  must  bear  in 
mind  that  he  is  no  longer  an  observer  from  the  earth,  he  must  transport 
himself  in  imagination  to  the  sun,  or  at  least  to  the  point  in  the  earth's 
radius  vector,  represented  by  the  aperture  on  K.  He  will  see  an  eclipse 
of  the  earth  when  to  an  inhabitant  of  it  the  sun  is  eclipsed,  and  he  will 
observe  an  eclipse  of  the  moon  by  the  body  of  the  earth,  instead  of  its 
being  obscured  only  by  passing  through  the  shadow  of  our  planet.      By 


*  The  degrees  on  that  circle  must  be 
numbered  accordingly,  -but  the  means  of 
ascertaining  where  they  are  to  commence 
will  be  best  understood  by  looking  at  the 
instrument ;  it  should  be  contrived  that 
the  small  index  should  point  when  the 
adjustment  is  made  to  the  degree  of  the 
circle  on  a,  seen  in  the  axis  of  h  :  when, 
therefore,  the  moon  is  in  her  nodes,  the 
index  on  the  pedestal  must  point  to  0°  or 


180°,  no  description  can  make  these  nice- 
ties intelligible  to  the  dull,  and  they  are 
not  needed  by  the  acute :  all  that  can 
be  said  is,  that  the  moon's  axis  must  be 
perpendicular  to  the  ecliptic,  and  not  to 
the  plane  of  h,  otherwise  there  will  be 
a  discrepancy  between  the  moon's  real 
position  and  that  which  it  ought  to  have, 
as  given  by  the  horizontal  circle  on  b. 
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turning  the  dial  and  earth  round  on  the  axis,  and  keeping  his  eye  in 
the  plane  of  the  former,  he  may  observe  the  moon's  rising  and  setting, 
and  the  hour  at  which  it  happens,  and,  in  short,  with  care  and  skill  he 
may  acquire  correct  notions  of  the  cause  of  all  the  lunar  phenomena. 

In  conclusion  we  would  observe,  in  answer  to  those  who  might 
consider  the  subject  and  our  mode  of  treating  it  too  elementary  for  our 
Magazine,  that  although  it  may  not  interest  them  personally,  yet  as  no 
child  could  make  or  adjust  such  an  instrument  without  assistance,  and 
as  every  one  is  directly  or  indirectly  interested  in  the  instruction  of 
young  people,  the  paper  and  the  toy  it  describes  are  not  so  inconsiderable 
as  they  might  at  first  appear. 


THE  PROGRESS  AND  STATE  OF  SCIENCE  IN  BELGIUM. 

In  our  opening  number  we  announced  our  intention  of  specially  devoting 
a  portion  of  our  Journal  to  the  communication  of  whatever  might  appear 
most  generally  interesting  in  Foreign  Science,  and  especially  from  time 
to  time  to  give  such  abstracts  as  we  might  be  able  to  obtain  of  its  general 
condition  in  the  several  countries  of  Europe. 

Tliis  pledge  we  have  partially  redeemed  by  the  various  notices  we 
have  inserted,  referring  to  foreign  discoveries  and  researches.  We  hope 
to  fulfil  the  same  promise  to  a  greater  extent  in  the  present  article.  We 
have  been  kindly  favoured  with  a  copy  of  the  Bulletin  of  the  Royal 
Academy  of  Sciences  at  Brussels,  containing  the  detailed  proceedings  of 
the  public  Seance  of  Dec.  16th,  1835;  and  shall  present  our  readers 
with  what  has  appeared  to  us  the  truly  interesting  Report,  delivered  on 
that  occasion  by  the  perpetual  secretary,  M.  Quetelet. 

In  doing  this,  we  have  thought  it  best  to  adhere  closely  to  the 
author's  own  words,  and,  instead  of  attempting  any  compilation  of  our 
own,  to  present  his  luminous  and  often  eloquent  views  in  a  translation, 
if  not  always  strictly  literal,  yet  always  following  the  tenour  of  his  rejflec- 
tions.  We  think  it  right  to  apprize  our  readers  of  this,  in  order  to 
account  for  an  occasional  style  of  expression  which  would  not  perhaps  be 
adopted  by  an  original  English  writer.  This,  however,  we  do  not  doubt, 
will  rather  be  regarded  by  our  readers  as  characteristic,  and  as  only 
tending  to  bring  more  vividly  to  their  minds  the  actual  tone  of  scientific 
views  at  present  prevailing  in  Belgium.  Without  further  preface  then 
we  commence. 

Report  of  the  Permanent  Secretary  on  the  JLaboxirs  of  the  Ancient 
Imperial  and  Royal  Academy  of  Brussels. 

In  some  introductory  remarks,  the  distinguished  author  gives  a  rapid 
sketch  of  the  progress  of  arts  and  sciences  in  Belgium  in  former  cen- 
turies : — their  flourishing  condition  under  Charles  V.,  and  subsequent 
decline,  and  almost  total  extinction.  The  dawn  of  a  better  state  of 
things,  however,  approached: — 

"  It  was  under  the   auspices  of  Maria  Theresa,  of  glorious   memory, 
that  the  Imperial  and   Royal  Academy  of  Brussels  was  formed.     The  few 
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really  well-instructed  men  that  Belgium  contained,  united  themselves  with 
several  foreigners  of  distinction,  and  the  language  of  science  was  once  more 
heard  amongst  us. 

"  The  labours  of  this  learned  body  were  crowned  with  a  brilliant  success, 
and  obtained  great  favour  with  the  nation,  who  well  understood  that  the 
opinion  that  would  be  formed  of  her  by  foreigners,  would  henceforth  depend 
on  the  esteem  in  which  an  assemblage  of  men  would  be  held,  who  might  be 
considered  as  her  representatives  of  national  intelligence.  Unhappily,  this 
success  was  of  short  duration. 

"  A  revolution,  which  broke  down  the  greater  part  of  the  props  of  the 
ancient  social  edifice,  and  renewed  the  political  constitution  of  many  states, 
also  changed  our  destinies. 

"  The  Academy  of  Brussels  was  suppressed ;  its  members  were  dispersed ; 
and  when,  at  a  later  period,  we  became  a  part  of  the  great  body  of  the  French 
empire,  of  which  the  whole  intellectual  life  appeared  concentrated  at  Paris, 
it  might  be  asked  with  reason,  whether  Belgium  had  not  again  fallen  into 
its  ancient  state  of  torpor. 

"  The  Imperial  and  Royal  Academy  of  Brussels,  whose  important  services 
are  to  this  day  too  little  appreciated  amongst  us,  appeared  then  but  for  an 
instant,  and  as  a  prelude  to  a  new  era  which  was  soon  to  open  before  us,  and 
to  restore  to  us,  with  our  ancient  liberties,  our  former  taste  for  the  arts, 
literature,  and  science.  When  in  1816  this  learned  body  was  re-organized, 
the  few  membei-s  who  were  yet  living,  were  called  upon  to  compose  it ;  but 
some  had  expatriated  themselves,  and  others  were  for  the  most  part  too  aged 
to  be  able  a  second  time  to  co-operate  in  the  intellectual  regeneration  of  their 
country.  At  the  present  time  these  men  of  another  age  have  successively 
become  extinct. 

"  The  new  academy,  in  creating  an  annual  public  session,  was  desirous  of 
consecrating  the  memory  of  the  16th  of  December,  the  day  on  which  the 
ancient  Academy  of  Brussels  was  founded,  and  which,  by  a  happy  coincidence, 
is  also  the  birth-day  of  our  august  monarch ;  and  they  have  deemed  that 
they  could  not  with  more  propriety  usher  in  their  public  session,  than  by 
giving  a  rapid  sketch  of  the  labours  of  its  predecessors,  as  constituting  the 
finest  eulogium  that  could  be  offered  to  their  memory. 

"  It  is  to  me  that  has  been  intrusted  the  honour  of  paying  this  tribute  of 
gratitude, — this  sacred  debt,  which  is  indeed  also  that  of  the  nation. 

"  I  will  not  here  stop  to  retrace  the  origin  or  the  first  labours  of  the 
Academy,  the  recital  of  these  may  be  found  detailed  in  the  volumes  which 
commence  the  former,  and  the  new  series  of  our  memoirs. 

"  I  shall  only  speak  of  its  foundation,  with  a  view  to  make  that  character 
of  grandeur  and  magnificence  which  was  imprinted  on  it,  and  which  would  do 
honour  to  the  most  enlightened  governments,  duly  appreciated.  Its  august 
foundress  had  well  perceived,  that  in  order  to  restore  the  sciences  in  a  country 
where  they  had  nearly  fallen  into  complete  oblivion,  it  was  necessary  to  en- 
circle with  honours,  and  worthily  to  recompense  those  who  cultivated  them 
with  success.  She  constituted  the  Prince  of  Stahremberg  her  minister 
plenipotentiary  to  represent  her  in  the  Academy,  in  the  capacity  of  protector ; 
and  the  chancellor  of  Brabant  was  invested  with  the  presidency.  The  royal 
library  was  assigned  as  the  ordinary  place  of  assemblage.  The  Academy  had 
moreover  the  enjoyment  of  that  rich  collection,  which  had  formerly  belonged 
to  the  duke  of  Burgundy :  permission  was  granted  it  to  use  as  its  great  seal 
the  arms  of  that  illustious  house,  and  thus  of  associating  its  name  with  those 
of  the  brightest  recollections  of  our  national  history.  Funds  were  liberally 
accorded  for  the  printing  of  the  memoirs,  for  remunerating  contributors,  and 
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for   scientific   travels.      Pensions  were  created  in  favour   of  superannuated 
members,  or  for  such  as  had  distinguished  themselves  by  their  activity. 

"  '  Lastly,  to  give  a  further  mark  of  the  particular  esteem  that  we  accord 
to  useful  talents,  and  to  those  who  cultivate  them  with  success,'  said  the 
empress  in  her  lettei's  patent,  '  we  decre  that  the  quality  of  academician 
shall  communicate  to  all  such  as  shall  be  decorated  with  it,  and  who  shall 
not  be  already  ennobled  by  their  birth,  the  distinctions  and  prerogatives 
appertaining  to  the  estate  of  personal  nobility,  and  this  in  virtue  of  the  act  of 
their  admission  into  this  society.' 

"  If  we  quote  these  words  it  is  not  to  attach  importance  to  ancient  pre- 
rogatives, but  to  give  a  clear  understanding  of  the  powerful  assistance  which 
science  received  at  a  time  when  these  prerogatives  were  everything  in  the 
eyes  of  the  world. 

"  The  academy,  however,  received  a  still  higher  pi-ivilege,  an  inestimable 
benefit  for  the  learned, — I  mean  the  liberty  of  the  press,  that  mother  of 
thought,  which  then  appeared  as  a  consoling  phenomenon,  on  emerging  from 
our  lung  night. 

"  So  many  combined  advantages  would  naturally  create  an  ambition  of 
being  an  academician ;  thus  a  noble  emulation  spread  throughout  Belgium, 
and  it  was  not  long  before  talents  were  seen  to  arise,  which  would  have 
remained  stupified  without  stimulants  of  such  energy.  Five  volumes  of 
memoirs  were  published  by  the  Imperial  and  Royal  Academy  of  Brussels, 
during  its  short  existence  ;  as  were  also  many  volumes  of  prize-memoirs.  A 
detailed  analysis  of  these  scientific  and  literary  works  would  perhaps  become 
tiresome,  but  it  may  be  interesting  to  examine  into  the  useful  consequences 
they  were  of  to  Belgium. 

"  If  we  consider,  for  example,  the  physical  sciences,  we  shall  observe,  that 
in  order  to  judge  of  their  advancement  in  a  country,  one  may  take  for  a 
standard,  the  height  to  which  the  study  of  mathematics  has  been  carried. 
Mathematics  is  the  language  in  which  natural  phenomena  are  expressed,  and 
valued  numerically,  when  they  have  been  duly  studied  and  reduced  to  their 
most  simple  elements ;  and  in  general,  the  difficulty  which  most  branches  of 
science  experience  in  having  their  phenomena  translated  into  this  language, 
only  tends  to  show  the  feeble  degree  of  advance  they  have  made. 

"  In  adopting  a  like  scale  we  find  since  the  date  of  the  earliest  publica- 
tions of  the  old  academy,  an  immense  progress  in  Belgium.  In  fact,  the  birth 
of  the  infinitesimal  calculus  had,  as  we  have  already  said,  followed  close  upon 
the  decay  of  science  in  our  provinces ;  it  had  attained  the  most  rapid  growth, 
and  that  all-searching  instrument,  the  powers  of  which  were  tried  by  removing, 
as  if  by  enchantment,  the  thick  veil  which  covered  the  finest  secrets  of  the 
system  of  the  world,  had  not  even  attracted  the  attention  of  Belgium.  After 
having  reduced,  if  one  may  so  speak,  the  heavens  within  its  dominion,  the 
infinitesimal  calculus  had  made  the  happiest  excursion  through  the  fields  of 
physics,  and  attacked  directly  the  most  beautiful  problems  of  that  science,  in 
which  we  were  yet  studying  works  that  were  quite  out  of  date. 

"The  commandant  of  Nieuport,  in  the  second  volume  of  the  Ancient 
Memoirs  of  the  Academy,  was  the  first  to  show  that  the  higher  branches  of 
analysis  had  found  an  interpreter  in  Belgium :  he  at  once  accomplished  the 
solution  of  many  important  problems  with  which  geometers  were  then  occu- 
pied, and  his  labours  put  him  in  communication  with  d'Alembert,  Bossut, 
and  Condorcet.  Such  relations  not  only  do  honour  to  the  learned  person 
who  is  the  object  of  them,  but  also  to  the  country  to  which  he  belongs. 

"  So  fine  an  example  hardly  foimd  any  imitators.  Mr.  Bournouns  was 
the  only  one  in   the  Academy,  and  one  may  say  in  Belgium,  who  occupied 
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bimself  with  researches  of  the  higher  analysis,  but  with  much  less  success 
than  the  commandant  of  Nieuport.  The  ancient  university  of  Louvain,  in 
its  course  of  instruction,  scarcely  went  beyond  the  rule  of  Cardan  for  the 
resolution  of  equations  of  the  third  degree ;  and  as  for  astronomy,  it  still  held 
to  the  vortices  of  Descartes,  although  many  of  its  professors  began  to  occupy 
themselves  with  the  laws  of  attraction.  As  for  astronomical  observation,  it 
absolutely  did  not  exist ;  it  was  to  foreign  men  of  science,  who  associated 
themselves  with  the  first  labours  of  the  academy  of  Brussels,  that  the  only 
observations  really  worthy  of  having  been  made  in  this  country,  are  due: 
these  have  been  registered  in  our  ancient  memoirs,  where  we  meet  with  the 
names  of  Messieurs  Pigott,  the  Count  of  Bruhl,  the  Baron  Zach  and  Lalande. 
When  this  last  astronomer  made  the  circuit  of  Europe  to  visit  the  observa- 
tories, he  did  not  dissemble  his  astonishment  at  not  finding  amongst  us  any 
traces  of  his  favourite  science,  '  In  the  Austrian  Netherlands,  now  French,' 
he  writes,  '  astronomy  does  not  appear  to  have  been  cultivated  :'  he  then  adds, 
'  the  only  observer  of  this  country  is  an  English  gentleman  of  the  name  of 
Pigott.'  This  learned  person  is  indeed  established  among  us,  and  he  made  at 
Louvain,  Brussels,  Ostend,  Tournay,  Luxembourg,  and  Hoogstraeten,  various 
observations  on  the  satellites  of  Jupiter;  he  also  took  the  meridional  altitudes 
of  a  great  number  of  stars,  by  means  of  one  of  Bird's  Quadrants,  which  had 
been  intrusted  to  him  by  the  Royal  Society  of  London.  These  observations 
were  undertaken  with  a  view  of  co-operating  in  the  construction  of  a  good 
map  of  the  country,  which  was  desired  by  the  government, — a  map  which 
at  the  present  day  is  so  much  wanted,  and  which  forms  a  blank,  but  little 
honourable  it  must  be  confessed,  amidst  those  geodsesical  labours  which  have 
been  accomplished  by  our  neighbours. 

"  It  was,  again,  the  ancient  academicians  of  Brussels,  who  contributed  to 
spread  ip  Belgium  with  the  greater  ardour  the  novel  and  brilliant  discoveries 
of  the  physical  sciences ;  nor  were  they  rendered  less  useful  by  the  applica- 
bility of  their  knowledge  to  the  study  of  our  own  country,  with  which  they 
were  occupied  with  the  greatest  zeal ;  and  it  is  that  which  makes  the  collec- 
tions of  our  memoirs  so  precious  to  the  learned,  who  may  wish  to  study  our 
provinces  in  a  scientific  and  literary  point  of  view.  Amongst  the  members 
who  most  distinguished  themselves  in  the  physical  sciences,  must  be  men- 
tioned the  Abbes  Mann,  de  Needham,  de  Witry,  and  Dr.  Godart.  The 
first  of  these  in  particular  was  remarkable  for  the  diversity  of  his  works ;  it 
is  true  they  must  not  be  considered,  even  with  reference  to  science,  as  being 
very  profound,  but  ingenious  views,  and  sometimes  the  most  happy  concep- 
tions are  there  found.  Thus  this  learned  man  has  well  hit  upon  the  relations 
which  exist  between  the  appearances  of  the  aurora  borealis,  the  movements 
of  the  magnetic  needle,  and  the  quantities  of  atmospheric  electricity,  affinities 
which  have  so  much  engaged,  in  these  latter  times,  the  attention  of  the  most  dis- 
tinguished natural  philosophers.  He  had  likewise  formed  very  correct  notions 
on  the  method  that  should  be  pursued  in  the  study  of  meteorology,  a  science 
in  which  but  little  advance  has  been  made  in  our  time,  notwithstanding  all 
the  labours  that  had  been  undertaken  in  order  to  accelerate  its  progress. 

"  The  Palatinate  Meteorological  Society  had  just  been  organized  at  Man- 
heim,  and  addressed  itself  to  the  principal  learned  bodies  in  Europe,  to  ask 
their  co-operation  in  the  vast  system  of  combined  observations  which  it  pro- 
posed to  execute ;  it  also  addressed  itself  to  the  Academy  of  Brussels,  and  the 
Abbe  Mann  was  selected  to  answer  the  appeal  of  the  learned  Germans.  He 
acquitted  himself  honourably  of  his  mission ;  and  even  now  his  observations 
are  consulted  with  profit,  and  cited  in  most  treatises  on  natural  philosophy. 
Many  other   members   of  the   academy  occupied  themselves   equally  with 
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meteorology ;  and  the  learned  professor  Van  Swinden,  enriched  our  ancient 
collections  by  a  memoir  containing  his  observations  made  in  1778.  It  is  to 
these  collections  that  we  must  refer,  to  become  acquainted  with  our  earliest 
documents  upon  the  temperature,  the  variations  of  atmospheric  pressure,  and 
everything  relating  to  our  climate.  It  is  also  there  that  we  find  the  only 
three  observations  on  the  declination  of  the  magnetic  needle,  which  have 
ever  been  made  in  our  country,  even  to  the  present  time.  Chemistry  was 
not  neglected,  but  it  encountered  many  difficulties  before  it  was  enabled  to 
assume,  among  the  sciences,  the  important  rank  which  it  at  present  occupies. 
M.  de.  Bennie  undertook  to  analyze  the  different  soils  around  Antwerp,  with 
a  view  of  finding  some  method  of  improving  our  heaths.  Many  other  mem- 
bers also  wrote  on  questions  of  chemistry  of  general  utility,  and  especially 
those  relating  to  our  agricultural  industry  and  to  our  mineral  waters. 

"  A  spirit  of  observation  is  among  the  qualities  which  distinguish  the 
Belgian  people,  thus  natural  science  has  always  possessed  for  them  a  powerful 
attraction :  it  is  sufficient  to  cite  the  names  of  some  of  our  predecessors  to 
show  that  it  was  not  neglected  in  the  ancient  Academy.  It  is  necessary  to 
observe  here  that  the  greater  part  of  the  memoirs  which  were  published  on 
natural  science,  concerned  Belgium ;  for  the  good  of  the  country  has  always 
been,  with  the  Academy,  the  central  point  towards  which  all  their  I'esearches 
tended.  It  is  also  to  be  remarked,  that  the  members  have  rarely  attempted 
general  theories  and  the  more  abstruse  questions  of  science ;  they  have  limited 
themselves  to  more  modest  labours, — they  endeavoured  to  collect  useful  mate- 
rials, leaving  to  more  enterprising  architects  the  care  of  construction. 

"It  is  to  this  epoch  that  we  must  refer  the  earliest  researches  on  the 
geological  constitution  of  our  provinces,  and  on  their  fossils  :  these  inquiries 
have  latterly  taken  the  happiest  turn,  and  the  present  Academy,  in  the  judg- 
ment of  the  most  able  geologists,  may  present  them  among  its  most  honourable 
titles.  One  of  our  learned  members,  who  has  taken  an  active  part  in  these 
labours,  is  about  to  make  their  importance  more  justly  appreciated  than  I 
should  be  able  to  do. 

"  Physical  geography  and  rural  economy  were  also  properly  attended  to. 
Among  the  questions  which  were  treated,  the  most  advantageous  means  were 
equally  sought  for  clearing  the  heaths  of  our  Ardennes:  the  former  state  of 
maritime  Flanders  was  examined,  the  successive  changes  which  had  been 
produced  there,  and  whatever  related  to  the  tides  along  our  coasts. 

"  Again ;  the  Abbe  de  Nelis  and  the  Marquis  du  Chasteler,  who 
united  varied  knowledge  with  an  elevated  mind,  treated  many  subjects 
which  have  since  found  an  important  place  in  political  economy,  a  science, 
whose  name  bearing  the  stamp  of  novelty,  has  not  even  yet  obtained  an  easy 
access  into  all  minds.  The  question  to  know  whether,  in  a  fertile  and  well- 
peopled  country,  large  farms  are  useful  or  hurtful  to  the  state  in  general,  was 
treated  by  the  Marquis  du  Chasteler  and  the  Abbe  Mann,  in  connexion  with 
a  discussion  which  had  arisen  between  this  latter  savant  and  the  English 
economists.  The  reasons  of  our  academicians  were  set  forth  in  a  very  striking 
manner,  which  even  now  possess  great  interest,  particularly  to  Belgians, 
because  the  subject  is  treated  in  a  point  of  view  especially  applicable  to  them. 
The  Abbe  Mann,  who,  nearly  alone  among  our  academicians,  had  an  inclina- 
tion to  touch  upon  questions  of  a  general  tendency,  did  not  draw  back  from 
one  of  the  most  difficult,  which  forms  as  it  were  the  basis  of  social  science, 
and  which  has  demanded  the  concurrence  of  the  cleverest  modern  political 
writers,  before  it  could  be  regarded  in  its  true  point  of  view ;  I  speak  of  the 
question  of  population.  It  is  true  that  he  did  not  really  attack  the  difficulty ; 
for,  with  the  pastor  Meuret,  regarding  the  increase  of  the  population  as  an 
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incontestable  good,  he  only  occupied  himself  with  indicating  the  means  of 
attaining  it. 

"  If  I  have  spoken  of  this  labour,  it  is  to  show  that  the  importance  of 
the  political  and  moral  sciences  had  been  understood  by  the  ancient  Academy 
of  Brussels,  and  to  explain  at  the  same  time  what  opinion  still  prevailed  here 
on  a  leading  question,  in  so  populous  a  country  as  ours." 

Report  on  the  Progress  and  acttial  State  of  Geology^  and  the  Scle?ices 
connected  with  it,  in  Belgium. 

"In  requesting  for  the  public  session  of  this  day,  a  report  on  the  progress 
and  actual  state  in  Belgium  of  geology,  and  the  sciences  connected  with  it, 
the  Academy  desires  to  acknowledge  and  to  show  to  the  country,  that  part  of 
the  debt  which  has  already  been  paid  to  these  sciences,  and  also  that  which 
is  yet  due  to  them. 

"  In  giving  myself  up  to  the  inquiries  which  this  work  demanded,  I 
have  obtained  such  satisfactory  results  as  have  rendered  the  task  which  had 
been  imposed  upon  me  as  pleasant  as  it  is  honourable.  Many  others  might 
have  fulfilled  it  with  more  talent,  but  none,  I  venture  to  say,  with  more 
sincerity  and  gratification. 

"  The  study  of  the  mineral  kingdom  has  been  long  neglected  in  Belgium, 
at  which  there  is  much  reason  to  be  surprised,  when  it  is  remarked,  that  it 
is,  in  proportion  to  its  extent,  one  of  the  richest  countries  on  the  globe  in 
mineral  substances ;  that  the  most  precious  of  all,  pit-coal  and  iron-ore  are 
not  only  spread  there  with  astonishing  profusion,  but  known  and  worked  from 
so  distant  a  period,  that  the  most  diligent  investigators  of  our  archives  cannot 
yet  determine  the  limit  beyond  which  the  discovery  must  be  dated. 

"  Notwithstanding,  the  working  and  treatment  of  mineral  riches,  though 
less  difficult  formerly  than  at  present,  already  demanded  considerable  know- 
ledge, which  really  did  exist  in  those  of  our  provinces  where  these  kinds  of 
labour  were  pursued;  and  both  in  Belgium  and  Ger;i[iany  the  miners  prac- 
tically cultivated  mineralogy  and  geology,  much  before  Werner  had  studied, 
with  them,  the  composition  of  the  terrestrial  crust,  which  they  dug  with  so 
much  courage  and  talent.  But  we  worked  and  treated  our  minerals  as  we 
cultivate  useful  vegetables,  in  our  fields  and  in  our  green-houses,  that  is  to 
say,  with  an  art  and  a  success  which  have  never  been  contested,  studying 
nature  unceasingly,  in  those  of  her  productions  from  which  we  could  extract 
use ;  seeking  and  discovering  the  means  by  which  we  might  procure  them  in  the 
greatest  abundance ;  in  a  word,  always  observing,  but  reading  little,  writing 
still  less,  and  leaving  to  others  the  empty  pleasure  of  imagining  systems. 

"  This  manner  of  studying  natural  science  has  been  sufficient  for  the 
industrious  wants  of  the  epoch  over  which  we  are  now  casting  a  rapid  glance; 
but  from  the  end  of  the  last  century  it  could  no  longer  satisfy  the  man  of 
taste,  curious  to  know  all  the  beauties  of  nature,  or  the  philosopher,  eager  to 
seize  some  one  of  the  laws  which  preside  over  this  admirable  assemblage  of 
things.  The  moment  was  come  for  the  Belgians,  as  well  as  for  all  educated 
people,  to  collect,  describe,  and  class  all  the  productions  of  their  soil.  They 
began  then  to  arrange  some  collections ;  and  some  among  them  wishing  that 
their  successors  should  enjoy  the  fruit  of  their  labours,  have  made  known  the 
results  in  writings,  which  all  form  a  part  of  the  Memoirs  of  the  Ancient 
Academy  of  Brussels,  and  which  are  now  read  with  interest, — an  honour  for 
the  former  Belgians,  who,  in  rushing  on  the  career  of  geology,  have  drawn 
their  fellow-countrymen  along  with  them. 

"  M.  Robert  de  Limberg  was  the  first  who  leaped  the  barrier.     He  pre- 
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sented,  in  1770,  to  the  Academy,  the  numerous  observations  which  he  had 
collected  around  Theux,  his  native  town ;  he  afterwards  extended  his  re- 
searches upon  more  distant  points,  and  gave  an  account  of  them  in  a  memoir 
that  he  read  four  years  after. 

"In  1778,  M.  de  Launay  read  his  memoir  upon  the  origin  of  the  animal 
and  vegetable  fossils  of  the  Belgian  provinces,  preceded  by  a  discourse  upon 
the  theory  of  the  earth. 

"  In  three  memoirs  J)resented  successively  in  1777,  1779,  and  1785,  the 
Abbe  de  Vitry  opened  his  mineralcgical  and  paleonthological  researches  in 
Tournay  and  the  Austrian  Hainault. 

"M.  de  Eurtin  produced,  in  1784,  his  Oryctography  of  the  Environs  of 
Brussels.  In  this  work,  very  remarkable  for  the  epoch  at  which  it  was 
written,  the  author  makes  known  the  minerals  which  he  has  found  in  a 
circle  of  five  miles  round  Brussels,  describes  and  represents  upon  the  thirty- 
two  plates,  which  accompany  the  text,  a  part  of  those  remains  of  marine 
animals  accumulated  in  such  abundance  in  the  sands,  and  in  the  hardest 
rocks  of  the  land  which  he  has  so  well  studied,  establishes  that  the  greater 
part  of  these  animals  cannot  be  I'elated  to  those  species  which  are  at  present 
alive ;  that  only  some  of  them  are  analogous  to  those  found  in  the  torrid 
zone ;  that  they  have  been  lodged  at  the  bottom  of  a  sea  which  covered  these 
fields,  where  now  rich  harvests  abound ;  and  that  they  have  been  buried 
tranquilly  in  the  spot  where  they  lived.  He  deduced  fi'om  these  facts,  at 
present  admitted  by  all  naturalists,  very  judicious  consequences  upon  the 
theory  of  the  earth. 

"  The  mineralogical  observations  from  Brussels,  by  Wavre,  to  Court 
Saint  Etienne,  that  the  same  author  has  presented,  the  same  year,  to  the 
Academy,  bear  equally  the  stamp  of  true  talent. 

"  If,  during  the  twenty-five  years  which  have  followed  the  publication  of 
M.  Burtin's  work,  there  has  not  appeared  any  geological  work,  which  can  be 
compared  to  his,  the  cause  must  undoubtedly  be  sought  for  in  the  political 
situation  in  which  the  country  has  been. — Who  does  not  indeed  know  that  calm 
and  stability  are  as  necessary  for  scientific  studies,  as  for  the  speculations  of 
commerce  and  industry  ?  We  do  not  therefore  find,  in  the  archives  of 
geology  relative  to  Belgium  during  this  period  of  a  quarter  of  a  century,  any- 
thing except  a  few  small  pieces  of  that  veteran  of  Belgian  geologists,  M. 
Detliier,  who  has  pointed  out  to  the  attention  of  naturalists  the  presence  of 
extinct  volcanoes  in  the  Eifel,  a  country,  now  so  celebrated  in  the  records  of 
science,  and  of  which  a  part  then  belonged  to  our  provinces ;  some  interesting 
remarks,  by  M.  Baillet,  upon  the  alum-mines  of  the  province  of  Liege ;  on 
the  total  slip  of  a  mountain  of  freestone,  in  the  same  province;  upon  the 
lead  mines  of  Vedrin,  of  Dourbes,  of  Vierve,  of  Treigne  (a  province  of 
Namur)  and  upon  that  of  Sirault,  (a  province  of  Hainault)  upon  the  mine 
of  calamine  of  the  Vieille-Montagne  and  upon  the  arsenical  pyrites  of  En- 
ghien ;  two  memoirs  on  the  mines  of  pit-coal  of  the  province  of  Hainault 
have  yet  been  published  during  the  period  of  which  we  are  now  speaking, 
the  one  by  the  prefect  of  the  department,  the  other  by  M.  Gendebien ;  but 
considerations  upon  industry  and  commerce  occupy  more  space  than  geological 
researches.  It  is  also  just  to  notice  the  publication,  at  Brussels,  during  this 
same  pei'iod,  of  the  systematic  distribution  of  the  productions  of  the  mineral 
kingdom,  presented  by  M.  Launay,  to  the  Academic  Session  of  the  4th  of  June, 
1788,  of  the  Mineralogy  of  the  Ancients,  published  afterwards  by  the  same 
author,  and  of  the  Essay  upon  the  Study  of  Mineralogy,  by  Rozin.  ' 

"Towards  the  end  of  1808,  M.  D'Omalins,  who  had  already  published 
some  remarks  upon  the  minerals  and  the  rocks  of  Belgium,  brought  out 
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under  the  modest  title  of  Ati  Essay,  the  geological  description  of  the  north  of 
France,  He  there  divides  our  land  into  seven  formations,  vi'hich  he  respec- 
tively designates,  in  going  from  the  lower  to  the  upper,  by  the  names  of  trap- 
peenere,  ardoisiere,  bitumenifere,  du  gres  rouge,  du  calcaire  horizontale,  du 
gres  blanc,  du  terrain  meuble ;  he  sketches  rapidly  the  principal  geographical 
and  geognostical  characters  of  these  groups,  and  only  leaves  to  those  who 
shall  seize  the  pencil  after  him,  the  care  of  shading  this  vast  drawing.  After 
having  described  the  country  of  his  birth,  he  undertook  a  geological  map  of 
that  immense  empire  to  which  his  country  had  been  united,  and  presented, 
in  1813,  to  the  Institute  of  France,  the  first  results  of  this  enormous  labour, 
with  a  cut  representing  the  structure  of  the  lands,  which  extend  from  our 
Ardenne;  to  the  mountains  in  the  centre  of  France.  The  first  who  hastened 
to  follow  the  steps  of  M.  D'Omalins  was  M.  Bouesnel.  From  1811  to  1815 
he  published,  successively,  seven  memoirs;  upon  the  position  of  the  beds 
(gisemeni)  of  the  minerals  in  the  department  of  Sambre  and  Mouse  ;  upt  n 
the  mines  of  iron  of  the  middle  Sambre  and  Meuse ;  upon  the  zinc-mine  of 
the  Vieille-Montagne  ;  upon  the  pipe-clay  of  Ardenne  ;  on  the  minerals  pro- 
duced from  the  copper-mine  of  Stolzemboui'g;  upon  the  iron-ore  in  the 
forest  of  Soigne ;  and  upon  the  mines  of  pit-coal  of  Flence.  These  useful 
labours,  known  to  all  the  Belgian  geologists,  cause  it  to  be  deeply  regretted 
that  since  1815,  their  learned  author  has  only  published  one  single  geolo- 
gical piece,  that  in  which  he  described,  in -1826,  the  calamine  of  Santour,  near 
Philipville,  We  are  now  arrived  at  the  epoch  when  natural  science  has 
taken,  in  Belgium,  a  flight  which  has  been  sustained  and  developed  even  to 
the  present  day.  Previous  to  indicating  the  results  which  it  has  produced, 
we  must  go  back  to  the  causes  which  have  excited  it. 

"  From  the  first  period  of  its  restoration,the  academy  had  resolved  to  bring 
forward  for  competition  for  all  the  provinces  of  Belgium,  the  description  of 
their  geological  constitution,  that  of  the  species  of  minerals  and  fossils  that 
they  contain,  with  the  mark  of  their  localities,  and  the  synonymy  of  the  authors 
who  have  already  written  of  them.  Plainly  put  as  it  is,  this  question 
obliged  all  the  competitors  to  follow  the  only  route  which  could  conduct  them 
to  satisfactory  and  durable  theories  in  natural  science ;  it  only  demanded 
from  them  the  observation  and  classification  of  facts ;  for,  said  Cuvier, 
*  it  is  that  which  gives  to  natural  science  its  peculiar  character,  and  which, 
taking  from  the  field  which  it  traverses,  every  obstacle  and  every  limit,  pro- 
mises certain  success  to  every  reasonable  observer,  who,  not  yielding  himself 
to  rash  suppositions,  follows  the  only  route  open  to  the  human  mind,  in  its 
actual  state.'  The  creation  of  special  professorships  of  mineralogy  and 
geology  in  the  three  universities  of  Belgium,  at  the  Athenaeum  of  Namur, 
and  at  the  School  for  Medicine,  and  the  Museum  of  Brussels,  has  powerfully 
contributed  to  propagate  the  taste  for  these  sciences  among  our  young 
fellow-countrymen:  the  establishment  of  collections  of  minerals  and  rocks 
in  these  towns,  has  seconded  this  intellectual  movement,  in  giving  to  the 
scholars,  without  trouble  or  expense  to  them,  an  idea  of  the  wonders  of 
nature,  and  in  leading  them  to  go  to  study  and  admire  them  in  their  true 
places.  The  government  had  also  taken  another  step  eminently  fitted  to 
attain  the  same  end ;  it  had  directed  the  construction  of  a  correct  geological 
chart  of  Belgium  ;  it  had  confided  the  compilation  to  MM.  Van  Breda  and 
Van  Gorum,  who  were  to  act  in  concert  with  MM.  D'Omalins  and  Bouesnel, 
and  who  had  charged  with  the  determination  of  the  limits  of  the  lands  two 
men  well  worthy  of  their  confidence  ;  MM.  Schulz  and  Van  Panhuys.  The 
first  died  at  an  early  age,  leaving  at  least,  as  a  proof  of  his  talents  in  the 
graphic  arts,  a  collection  of  views  of  the  Grotto  of  Remouchamp.  Nothing 
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remains  to  us  of  the  second  but  the  remembrance  of  his  learning,  his  zeal, 
and  his  accuracy,  and  the  regret  of  having  lost  with  him  the  nearly-complete 
geological  charts  of  the  provinces  of  Hainault  and  Namur.  If  the  events  of 
1830,  had  not  stopped  the  great  work  of  which  we  have  just  spoken,  Belgium 
would  now  possess,  like  England,  and  many  parts  of  Germany,  its  Geolo- 
gical Chart,  so  impatiently  expected  by  science  and  industry.  The  govern- 
ment has  acknowledged  the  necessity  of  recommencing  immediately,  and  of 
pursuing  actively  the  execution  of  it ;  and  if  it  has  not  yet  adopted  the 
measures  most  proper  to  attain  this  &nd,  this  delay  can  only  be  attributed  to 
the  difficulty  of  finding  a  sufficient  number  of  able  naturalists  at  this  moment 
in  which  so  many  new  institutions  claim  the  co-operation  of  all  the  talent 
which  Belgium  possesses.  Let  us  however  hope  that  these  difficulties  are 
about  to  disappear  with  the  circumstances  which  have  given  rise  to  them,  and 
that  we  shall  soon  have  the  pleasure  of  hearing  that  the  construction  of  our 
Geological  map  is  recommenced  with  desirable  activity. 

"  The  impulse  given  by  the  academy,  and  by  the  government,  to  the 
study  of  the  sciences  of  observation,  and  particularly  of  those  whose  object  it 
is  to  make  us  acquainted  with  the  composition  of  this  little,  but  most  inte- 
resting part  of  the  crust  of  the  globe  occupied  by  Belgium,  has  been  seconded 
by  so  great  a  number  of  naturalists,  that  I  cannot  venture  to  present  here  a 
complete  enumeration  of  the  works  with  which  they  have  enriched  science,  I 
shall  only  name  the  principal,  beginning  with  those  which  have  been  com- 
posed without  the  influence  and  the  patronage  of  the  academy,  although 
their  authors  are  almost  all  of  the  number  of  its  fellow-labourers. 

"  In  spite  of  the  service  which  he  had  rendered  by  the  publication  of  his 
Essay  on  the  Geology  of  the  North  of  France,  M.D'Omalins  thought  that  he  had 
not  yet  done  enough  in  favour  of  those  of  his  fellow-citizens,  who  had  taken 
him  for  their  guide  in  their  geological  studies;  and  wishing  to  facilitate 
more  and  more  the  execution  of  the  labours  destined  to  complete  his  work, 
he  published,  in  1822,  a  Geological  Map,  composed  in  1813,  of  France,  the 
Low  Countries,  and  some  neighbouring  states ;  in  1 828,  a  collection  of  his 
memoirs  corrected,  and  all  new  discoveries  in  the  science,  since  the  first 
edition,  inserted;  in  1831,  his  Elements  of  Geology,  of  which  the  edition  has 
been  so  rapidly  sold  that  he  was  obliged  to  bring  out  another  in  1835;  in  the 
interval  between  the  two  publications  of  this  work  he  has  also  published,  in 
1833,  his  Introduction  to  Geology,  comprising  remarks  on  astronomy,  me- 
teorology, and  mineralogy. 

"  M.  Van  Breda,  who  has  powerfully  contributed  to  exploring  the 
geology  of  Belgium,  published  in  1829,  with  Mr.  Van  Hees,  an  account  of  the 
bones  of  mammiferous  animals  found  in  the  rock  which  forms  the  platform 
of  St.  Pierre,  near  Maestricht ;  he  composed,  in  1830,  a  memoir,  not  yet 
published,  upon  Flanders,  and  he  would  no  doubt  have  communicated  to  us 
the  result  of  his  researches  upon  the  fossils  of  some  of  our  lands,  and  upon 
the  bones  buried  in  some  of  them,  if  the  events  of  1830  had, not  interrupted 
the  course  of  his  laborious  and  devoted  studies. 

M.  Levy,  who  during  his  stay,  alas !  too  short  among  us,  has  done  much 
to  propagate  the  taste  for  mineralogy,  by  the  brilliant  as  well  as  profound 
manner  in  which  he  has  professed  it  in  the  University  of  Liege,  has  only  left 
as  a  remembrance  to  the  country  which  had  adopted  him,  a  memcir  upon 
various  mineral  substances,  of  which  one  is  new, — the  bed  of  lapis  calaminaris, 
of  Vieille  Montague. 

"  M.  Schmerling  has  principally  investigated  that  period  so  interesting 
in  the  natural  history  of  tlie  globe,  characterized  by  the  appearance  of  man 
upon  its  surface:  the  great  work  that  he  is  publishing  at  this  moment,  upon 
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the  fossil-bones  of  the  province  of  Liege,  and  his  immense  collection  of  the 
remains  of  those  animals  which  the  earth  supported  at  the  period  of  which  I 
have  just  spoken,  are  incontestable  titles  to  the  national  gratitude  for  this 
indefatigable  naturalist. 

"  M.  Moren,  whose  studies  have  principally  for  their  object  physiology, 
zoology,  and  botany,  has  also  occupied  himself  in  researches  which  interest 
the  geologist;  he  published,  in  1832,  his  observations  on  the  human  bones 
found  in  the  peat-bogs  of  Flanders,  and  in  1 834,  on  the  fossil-bones  of  elephants, 
found  in  Belgium. 

"In  giving  publicity  to  the  numerous  observations  that  he  has  made 
upon  the  lead-mine  of  Lougively,  which  he  directs,  M.  Benoit  has  contributed 
to  extend  the  circle  of  our  knowledge  of  the  Ardenne,  that  part  of  Belgium 
which  is  so  interesting  to  the  geologist. 

"  M.  Nyst  has  just  made  a  new  step  in  the  study  of  our  tertiary  lands, 
in  printing  his  researches  upon  the  fossil-shells  of  the  environs  of  Antwerp. 

"  Many  learned  foreigners  are  also  joining  their  efforts  to  thofsO  of  the 
Belgian  geologists,  and  adding  some  materials  to  those  already  collected  by 
them,  to  serve  for  a  geological  description  of  Belgium.  We  have  much 
pleasure  in  noticing  the  services  rendered  by  MM.  Faujas  de  Saint  Fond, 
Bory  de  Saint  Vincent,  Dechen  Oeynhausen,  (Eninghans,  Fitton,  Lajoukaire, 
De-ville-neuve,  Rozet,  and  Clex'e. 

"  Although  M.  Vandermaelen  (Philippe)  has  not  published  any  original 
work  on  that  branch  of  natural  science  which  is  the  object  of  this  Report,  we 
ought  to  acknowledge  that  he  has  rendered  great  services  to  it,  in  organizing 
in  his  establishment,  at  present  known  by  all  those  who  cultivate  the  sciences 
in  Belgium,  collections  which  are  the  greatest  help  to  the  naturalist,  in  insti- 
tuting courses  of  lectures,  destined  to  spread,  among  all  classes  of  society,  a 
taste  for  the  beautiful  and  the  sublime ;  in  drawing  towards  him  to  concur  in 
the  accomplishment  of  his  generous  and  philanthropic  views  young  men, 
whom  he  afterwards  sends  to  traverse  distant  countries,  there  to  complete 
their  instruction,  and  to  collect  materials  of  every  species,  for  the  construction 
of  the  monument  which  he  raises  here  to  the  sciences  of  observation. 

"  The  extraordinary  and  daily  increasing  developement  of  industry, 
during  the  recent  period  that  we  are  surveying,  has  had  also  a  great  influence 
upon  the  progress  of  the  mineralogical  and  geological  sciences ;  and  these 
sciences  have,  in  their  turn,  lent  their  salutary  aid  to  the  branches  of  that 
industry  which  is  exercised  on  mineral  substances.  To  develop  this  truth, 
which  is  not  now  doubted  except  by  ignorance,  would  be  to  insult  the  under- 
standing of  those  who  listen  to  me ;  I  shall  therefore  limit  myself  to  add,  that 
the  members  of  the  raining  body,  principally  destined  to  enlighten  with  the 
torch  of  theory,  the  arts  of  working  and  treating  minerals,  have  seconded  by 
the  communication  of  elements  drawn  from  practice,  the  efforts  of  the  geolo- 
gists who  have  written  on  the  Belgian  Provinces  in  which  mines  exist.  It 
only  remains  for  me  to  speak  of  the  geological  works  which  have  been  com- 
posed under  the  influence  or  patronage  of  the  academy;  but  here  a  new 
reserve  is  imposed  upon  me,  for  if  I  have  ventured  to  give  an  opinion,  or 
rather  to  recall  the  judgment  already  formed  by  the  public,  upon  those  rather 
ancient,  and  generally-extended  works  which  I  have  cited  above,  I  cannot  act 
in  the  same  manner  in  regard  to  those  with  which  I  am  now  to  be  occupied. 
It  is  to  public  opinion  that  we  must  exclusively  defer,  for  the  confirmation  or 
contradiction  of  our  judgment,  for  appreciating  our  works,  and  for  assigning 
them  their  suitable  place  in  the  archives  of  human  knowledge, — the  appeal  of 
the  Academy  has  been  heard  and  understood ;  of  nine  memoirs  which  have 
been  remitted  to  it,  in  answer  to  the  question  of  geology,  successively  applied 
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to  the  provinces  of  Hainault,  Namur,  Luxembourg,  Liege,  and  Brabant,  it 
has  adjudged  seven  prizes  to  their  authors,  (five  first  and  two  second)  whom 
I  feel  obliged  to  name  in  following  the  chronological  order  of  their  works. 
They  are  MM.  Drapiez,  Cauchy,  Steininger,  Englespach,  Lariviere,  Dumont, 
Davreux,  and  Galeotti.  Although  I  do  not  permit  myself  to  speak  of  these 
writings,  I  cannot,  however,  do  otherwise  than  mention  here,  that  the  new 
and  ingenious  views  presented  of  our  ancient  lands  by  M.  Dumont  in  his 
"  Geological  Description  of  the  Province  of  Liege,  have  just  received  a  striking 
confirmation,  by  the  verification  which  the  Geological  Society  of  France  has 
made  of  them  this  summer ;  and  by  the  memoirs  which  the  learned  Murchison 
has  published  upon  the  northern  part  of  Great  Britain. 

"  Besides  these  very  long  works,  we  must  also  remember  that  there  is  in 
the  nine  volumes  of  the  New  Memoirs  of  the  Academy,  the  '  Dissertation  on 
the  Stratiform  Trap-Rocks,'  of  M.  Kickx  ;  the  relation  of  a  '  Voyage  to  the 
Grotto  of  Han,'  made  in  1822  by  MM.  Kickx  and  Quetelet;  a  notice  on 
'  Les  Pierres  a  chaux  Hydraulique,  of  the  provinces  of  Hainault  and  Namur,' 
by  the  Editor  of  the  present  Report ;  '  Observations  on  the  Divisions  of  the 
Lands,'  by  M.  D'Omalins :  and  in  the  Bulletin  des  Seances,  published  by  the 
Academy  since  1832,  a  great  number  of  isolated  observations  which  we  offer  to 
those  who  will  one  day  come  to  take  a  part  in  the  interest  for  science  and  art. 

"We  may  then  consider  as  nearly  terminated  tho  mineralogical  and 
geological  description  of  the  five  above  named  provinces ;  that  is  to  say,  of 
that  part  of  Belgium  which  presents  the  greatest  interest  under  the  relation 
in  which  we  here  regard  it. 

"  That  of  the  province  of  Antwerp  has  been  the  object  of  one  of  the 
prize  questions  of  1836;  and  that  of  the  two  united  Flanders,  is  already  pro- 
posed for  the  prize  of  1837.  When  it  shall  have  obtained  satisfactory  answers 
to  these  two  questions,  the  academy  will  doubtless  judge  it  necessary  to  give 
its  attention  to  the  revision  which  will  probably  be  needful,  at  least  for  the 
first  memoirs  that  it  has  received ;  and  to  call  all  the  Belgian  geologists  to 
a  great  meeting,  whose  object  will  be  to  dispose  and  re-unite  all  these  works 
digested  by  different  authors,  and  at  periods  whose  extremes  are  separated  by 
a  very  long  interval.  Then  Belgium  will  no  longer  have  cause  to  envy 
neighbouring  nations,  which  have  made  most  progress  in  the  study  of  those 
lands  whose  surface  she  occupies.  In  the  mean  while,  and  wishing  at  the 
same  time  to  show  the  extent  of  the  works  executed  at  this  day  upon  the 
geological  constitution  of  this  country,  and  to  satisfy,  as  much  as  is  in  my 
power,  the  natural  impatience  of  persons,  who,  by  taste  or  necessity,  have  an 
interest  in  knowing  its  mineral  riches,  I  have  undertaken  summarily  to 
unite  all  the  minei'alogical  and  geological  observations  which  are  found 
scattered  in  the  numerous  writings  which  have  been  recently  named,  and  I 
have  the  honour  to  submit  to  the  judgment  of  the  academy,  '  A  Synoptical 
Table  of  the  Minerals  and  Rocks  of  Belgium,  considered  under  a  Mineralo- 
gical, Geological,  Geographical,  and  Technological  relation.' 

"  But  it  is  time  to  terminate  this  nomenclature  of  scientific  works,  whose 
barrenness  will  be,  I  hope,  in  part  excused  by  the  motives  of  expediency  which 
have  influenced  my  pen.  I  hasten  also  to  call  the  attention  of  the  public  for 
an  instant  to  the  '  Geological  Description  of  the  Province  of  Brabant,'  whose 
author  we  are  about  to  crown.  His  memoir  will  be  immediately  printed ;  it 
will  be  read  with  the  most  lively  interest,  we  cannot  for  a  moment  doubt,  not 
only  by  the  friends  of  science,  but  by  all  the  educated  men  of  this  capital. 
These  wish  to  know  what  the  country  formerly  was  which  they  inhabit,  they 
will  see  that  in  the  place  of  populous  cities,  of  delicious  gardens,  and  smiling 
fields  which  surround  them,  a  vast  and  deep  sea  covered  rocks  which  now 
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constitute  the  soil  of  Ardenne,  and  beat  with  its  unconquered  waves  those 
which  disclose  to  us  the  summits  in  the  environs  of  Hal,  of  Genappe,  and  of 
Jodoigne;  they  will  learn  by  what  a  series  of  revolutions  the  deep  valleys, 
which  furrowed  this  ancient  soil  have  been  overwhelmed,  and  its  high  moun- 
tains covered  by  successive  deposits,  which  have  at  last  produced  the  level  soil 
which  we  at  present  tread, 

"  M.  Galeotte  will  not  himself  be  present  to  receive  the  only  recompense 
which  we  are  able  to  grant  to  his  useful  and  fatiguing  labours.  Just  returned 
from  a  scientific  excursion  in  the  countries  of  Germany,  where  he  might  make 
trial  of  his  useful  talent,  he  is  gone  to  Mexico,  to  exercise  it  there  in  a  newer 
and  vaster  field,  that  he  may  gather  there  a  new  harvest  of  knowledge,  with 
which  he  will  return  to  do  homage  to  Belgium,  and  to  acquire  scientific 
riches,  which  he  will  place  in  the  geographical  establishment  of  Brussels, 
where  he  has  pursued  his  studies. 

"  It  is  then  upon  some  steep  peak  of  the  Andes,  upon  the  burning 
crater  of  some  volcano,  or  in  the  bottom  of  some  mine  in  the  New  World, 
that  he  will  receive  the  palm  which  we  are  about  to  decree  to  him.  If  it 
shall  too  forcibly  recall  the  memory  of  his  absent  country,  if  some  regret  shall 
mix  its  bitterness  with  the  joy  which  shall  fill  his  heart,  may  he  think  that 
we  here  apply  to  him  those  beautiful  verses  of  the  poet  Millevoye, 

"  Gloire  a  rhomme  inspire  que  la  soif  de  connaitre 
Exile  noblement  du  toil  que  I'a  vu  naitre, 
Les  tranquilles  honneurs,  les  tresors,  I'amitid, 
A  ses  projets  hardis  tout  est  sacrifi^. 

Les  travaux,  les  dangers,  son  zele  les  surmonte ; 
L'obstacle,  il  le  combat,  le  tre'pas,  il  I'affronte, 
Faut-il  franchir  les  monts  ?  faut-il  dompter  les  flots  ? 
Son  intrepidite  ne  craint  que  le  repos. 

The  sitting  w^as  terminated  by  the  distribution  of  medals  decreed  to 
the  competitors  of  1834  and  1835.  The  permanent  secretary  successively 
proclaimed  the  names  of  the  laureates,  vv^ho  received  the  medals  from  the 
hands  of  the  directors. 
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No.  II. 

In  this  ramble  I  shall  propose  taking  the  reader  again  over  a  part  of  the 
ground  v^^e  beat  in  our  last,  that  is  to  say,  under  the  Castle-cliffs  to  the 
zig-zag  path  by  the  Station-house.  Here  we  shall  break  upon  new 
ground,  and  proceed  under  the  South-foreland  cliffs  to  St.  Margaret's, 
and  thence  returning  over  the  downs,  by  the  lighthouse  and  the  castle- 
hill,  we  vnll  digress  a  little  from  the  straight  road  when  we  reach  the 
latter  spot,  to  examine  the  fields  and  lanes  about  Charlton.  As  we 
proceed,  a  great  many  of  the  same  plants  mentioned  in  my  last  will 
come  before  us  again,  but  I  shall  not  refer  to  them  excepting  in  a  few 
instances,  where  I  may  have  something  to  observe.  My  object  is  to 
point  out  the  localities  of  plants  I  have  not  before  mentioned ;  it  must 
therefore  be  expected,  that  the  more  we  ramble,  the  fewer  we  shall 
have  to  note. 

Proceeding  then  under  the  Castle-cliffs  to  the  winding  path  by  the 
Station-house,  we  will  here  begin  again  to  make  our  observations.     The 
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first  botanizing  ground  we  shall  come  to  is  some  slopes  situated  on  a 
ledge  of  the  cliff  many  feet  above  the  shingle,  but  still  not  difficult  to  be 
reached  if  a  little  more  than  usual  exertion  be  resorted  to  in  the  climbing 
way.  When  once  upon  the  ledge  there  is  plenty  of  space,  and  a 
luxuriant  bed  of  vegetation.  Here  we  shall  find  common  Juniper 
{Jimipems  communis),  and  observe  the  common  Ivy  {Hedera  Helix), 
trailing  over  the  slopes  and  matting  itself  with  the  brambles  and  other 
shrubs  which  fall  in  its  way.  It  does  not  climb  up  the  surface  of  the 
cliff  and  show  itself  in  that  luxuriant  manner  as  on  the  ruins  of  Ke- 
nilworth  Castle,  and  at  other  places,  where  the  beauty  of  the  scene  is 
much  enhanced  by  its  appearance.  The  situation  here  may  be  too 
exposed,  or  more  probably,  the  chalk-cliff  is  not  sufficiently  firm  for  the 
roots  of  the  ivy  to  find  a  holding-ground.  The  Horse-shoe  Vetch 
(Hippocrepis  comosa),  which  we  have  before  observed,  becomes  more 
plentiful  here,  and  is  found  in  abundance  on  some  of  the  slopes.  The 
South-foreland  cliffs,  which  we  shall  soon  reach,  are  very  perpendicular, 
and  their  height  gives  an  imposing  grandeur  to  this  part  of  the  coast. 
They  are  free  from  any  kind  of  vegetation,  being  one  unspotted  mass  of 
chalk,  which  ever  looks  beautiful,  and  its  pure-white  surface  is  seen 
from  afar,  and  helped  to  designate  our  Island — Albion.  Hawks,  ravens, 
and  various  sea-birds  seem  to  have  monopolized  the  spot,  but  nestle  so 
high  up  that  they  Avould  not  be  observed,  did  not  discordant  screams 
give  notice  of  their  presence,  and  call  the  attention  of  the  passer-by. 
At  the  foot  of  these  cliffs  we  shall  find  a  few  small  bushes  of  Sea 
Buckthorn  {Hippophae  rhamtioides),  on  some  sloping  banks  near  the 
tide-mark,  and  a  little  further  on,  the  slender-flowered  Thistle  {Carduus 
tetmijiorus),  shows  itself  growing  at  the  foot  of  the  cliff*.  We  shall 
now  advance  to  St.  Margaret's,  where,  as  I  have  before  stated,  the  cliff 
sinks  to  a  mere  bank,  and  rises  again  very  soon.  Here  we  shall  observe 
a  considerable  bed  of  shingle  running  in,  around  which  are  a  few 
cottages,  a  station-house,  and  a  clean  public-house.  A  solitary  bathing- 
machine  stands  on  the  beach.  The  bulk  of  the  village  of  St.  Margaret's 
lies  inland — this  may  be  termed  the  port.  On  the  eastern  side  of  this 
sequestered  spot,  on  the  slopes  of  the  cliffs,  large  beds  of  common 
Fennel  (Foeniculnm  vulgare)  will  be  observed,  which  when  in  flower, 
have  a  beautiful  golden  appearance.  Chalk-cliffs  in  the  vicinity  of  the 
sea  are  the  usual  locality  for  this  plant,  but  I  have  my  doubts  whether  it 
be  truly  wild  in  this  spot,  it  having  very  probably  escaped  from  some 
cottage-gardens  close  at  hand,  and  finding  a  soil  it  liked  well,  has  spread 
itself  over  the  extent  of  ground  it  now  covers.  Some  of  the  stems  I 
noticed  to  be  from  five  to  six  feet  high,  with  the  umbels  unusually  large. 
Returning  over  the  top  of  the  cliff  we  will  first  make  for  the  South- 
foreland  lighthouses,  in  the  fields  around  which  we  shall  find  the  com- 


*  For  the  use  of  those  who  add  the 
study  of  Entomology  to  that  of  Botany,  I 
may  hero  remark,  that  under  these  cliffs  I 
have  taken  four  species  of  the  blue  butter- 
fly, known  scientifically  as  belonging  to  the 
genus  Polyonnnatus,  as  well  as  the  rare 
clouded-yellow  butterfly,  Colias  Hyale. 
Four  species  of  the  genus  Vanessa  abound, 


the  lo,  Atalanta,  Urticte,  and  Cardui, 
besides  several  other  butterflies.  Licinus 
depressus,  and  Sylphoides,  two  very  local 
beetles,  will  be  found  under  flints  and 
pieces  of  chalk  in  August  and  September, 
and  the  rare  hemipterous  insect,  Coreus 
scapha,  is  far  from  imcommon. 
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mon  Basil  Thyme   (Acinos  vulgaris),  growing  in  extraordinary  abun- 
dance, the  surface  of  the  soil  in  some  places  receiving  a  tint  of  blue 
when  the  plants  are   in  flower.     The  rare,  round  rough-headed  Poppy 
(Papaver  hybridum),  grows  in  the  neighbourhood  of  the  lighthouses, 
particularly  in  a  field  between  them  and  the  cliff.     Our  road   will  now 
lead  us  to  the  station-house  above  the  zig-zag  path,  frequently  referred 
to  before,  and  as  we  pass  along  we  shall  observe   short-awned  annual 
Darnel  (Lolium  arvense),  and  narrow-leaved  pale  Flax  (Linum  angtis- 
tifoUum).     The  way  from  this  station-house  to  the  castle-hill  having 
been  pointed  out  in  a  former  ramble,  we  will  proceed  at  once  to  the 
latter  spot,  and  here  I  hope  the  reader   will  excuse  me,  if  instead  of 
going  home  direct,  we  make  a  little  excursion  over  the  fields  to  the 
right,  to  the  rivulet  near  Charlton,  and  thence  into  the  toAvn  through  the 
lanes.     We  shall  first  pass  over  a  series  of  cultivated  fields,  where  an 
opportunity  will  offer  of    observing  the   smooth  narrow-fruited  Corn- 
Salad  (Fedia  dentata),  Common  Nipple-wort  (Lapsana  communis),  and 
dwarf  Spurge  (Euphorbia  exigua).     Some  of  these  fields  have  grassy- 
borders,   where  the   small  Woodruff    {Asperula    cynanchica)   grows,   a 
favourite  plant,  common  in  chalky  districts,  but  rare  elsewhere.     About 
Charlton  are  some  shady  lanes  with  high  banks,  where  the  following 
plants  grow — Greater  Plantain  {Plantago  major),  great  Bindweed  {Con- 
volvulus sepium),  sweet  Violet  {Viola  odorata),  Silver- weed  (Potentilla 
anseritia),  common  Avens  {Geum  urbanum),  common  Mallow   (Malva 
sylvestris),  Herb  Robert  {Geranium  robertiafium),and  Dove's-foot  Crane's- 
bill  (Geranium  molle).     The  common  Traveller's-joy  (Clematis  vitalba) 
abounds  here,  as  in  most  calcareous  soils.     This  plant  is  provincially 
termed  Honesty  or  Old-man's  beard,  and  in  some  of  our  inland  counties 
is  a  favourite  with  the  poor  boys,  who  cut  the  stem  into  pieces  about 
six  inches  long,  and  setting  fire  to  one  end^  smoke  them  when  dry,  in 
the  manner  of  a  pipe.     The  wood  being  very  porous,  allows  the  air  to 
pass  through  with  ease,  and  the  mimic  smoking  of  a  piece  of  honesty 
often  leads,  I  am  inclined  to  think,  to  the  higher  accomplishment,  that 
of   the  tobacco-pipe :    many    of  the   old   mothers   who   act  as  village 
doctors,  affirm  that  the  smoke  from  the  Traveller's-joy,  when  properly 
inhaled,  is  an  excellent  remedy  in  cases  of  Asthma.     Near  the  rivulet, 
and  in  damp  places  along  the  lanes  as  we  pass  home,  we  shall  meet  with 
spotted    Persicaria    (Polygonum    persicaria),   pale-flowered   Persicaria, 
(Polygonum  lapithifolium),    common  Meadow-sweet  (Spircea  ulmaria). 
Water  Betony  (Scrophularia  aquatica),  and  square-stalked  St.  John's- 
wort  (Hypericum  quadrangulum).     On  the  right  of  the  lane  leading 
from  Charlton  to  Dover,  a  little  before  we  reach  the  town,  is  an  old  wall, 
on  which  the  crooked  yellow  Stonecrop  (Sedum  rejlexum)  grows,  one  of 
those   plants    so  peculiarly  constituted,  that  it  will  bear  the  greatest 
droughts  and  heats,  although  exposed  to  the  scorching  rays  of  the  sun 
with  but  little  or  no  earth  for  its  roots.     In  Oxfordshire,  the  cottagers 
gather  this  plant,  and  suspend  pieces  of  it  in  their  rooms  by  a  string, 
calling  it  the  air-plant,  from  its  shooting  and  growing  for  a  short  period 
even  when  thus  severed  from  its  roots.     We  shall  now  soon  reach  the 
town,  and  I  shall  conclude  this  second  ramble,  as  I  am  sure  the  reader 
will  not  wish  to  proceed  any  further  at  present.  W.  W.  S. 
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New  Mail-Coaches ;  their  Cost, 
Performance,  ^c. 

ENGLAND,    WALES,    AND    SCOTLAND. 

The  total  number  of  miles  run  by  the 
Mail-Coaches  annually,  is      .  4,831,870 

This  is  nearly  equal  to  a 
journey  200  times  round  the 
world. 

The  number  of  miles  ran 
by  them  daily,  is      ....        13,238 

More  than  equal  to  one- 
half  the  circumference  of 
the  world. 

The  number  of  miles  run 
by  the  London  Mail-Coaches 
only,  in  one  despatch  and  re- 
turn, is 7,010 

The  number  of  Mail- 
Coaches  required  for  the 
service  of  the  Post-office  is 
about 290 

Agreeably  to  the  contracts 
made  in  the  Summer  of  1835, 
and  which  came  into  opera- 
tion on  the  5th  of  January 
last  for  a' term  of  seven  years, 
the  Mail  Coach  (very  much 
improved  in  construction, 
safety,  and  convenience)  is 
furnished,  and  kept  in  repair, 
greased,  oiled,  and  cleaned 
completely  fit  for  service,  in 
the  southern  and  midland 
districts  (10,124  miles),  at 
per  mile  run \-i\d. 

In  the  northern  district 
(3,114  miles),  at  ditto  .     .     .  id. 

The  annual  cost  of  furnish- 
ing and  maintaining  the  Mail- 
Coaches,  is       .     .     .  *£21,095  11    111 

The  average  amount  paid 
to  the  old  contractors  in  each 
of  the  ten  years,  ending  31st 
December,  1834,  was      .  £32,947  6   11 

So  that  there  is  a  difference 
between  the  old  and  the  new 
contracts,  and  a  saving  to  the 
public  annually  of  about  £  1 2,000     0     0 
[  Return,  Post-  Office  Comm.  to  House 
ofComm.  I3th  Aug.  1835.] 

*  By  a  return,  dated  19th  February, 
1836,  the  actual  amount  payable  to  the 
new  Mail-Coacli  Contractors  for  the  quarter 
ending  5th  April,  '1836,  is  stated  to  be 
£5,239.  17s.  M. 


British  Association, — Sixth  Meeting. 

The  following  Circular  has  been  ad- 
dressed to  the  members  of  the  British 
Association  for  the  Advancement  of 
Science,  {post  paid.) 

"  Bristol,  July  1st,  1836. 

"  Sir, — We  beg  to  inform  you,  that 
the  next  Meeting  of  the  British  Asso- 
ciation for  the  Advancement  of  Science, 
will  be  held  in  Bristol,  during  the  week 
commencing  on  Monday,  August  22nd. 

"  The  Most  Noble  the  Marquis  of 
Lansdowne,  the  President  Elect,  will 
take  the  Chair  on  the  evening  of  that 
day. 

"  With  a  view  to  the  formation  of  the 
Sections,  and  other  preliminary  arrange- 
ments, the  General  Committee  will 
meet  on  Saturday,  August  20th,  at 
Twelve  o'Clock. 

"  It  is  requested,  that  Members  who 
may  have  any  Papers,  or  other  commu- 
nications, to  lay  before  the  Association, 
will  state  before  the  end  of  July  their 
general  nature  and  probable  extent,  in 
letters  addressed  as  follows: — To  the 
Provisional  Secretary  of  the  [Mathe- 
matical, Chemical,  or  other]  Section, 
Philosophical  Institution,  Park-street, 
Bristol. 

"  Unless  this  precaution  be  attended 
to,  great  inconvenience  must  arise,  and 
valuable  papers  may  be  unavoidably 
rejected  in  the  press  of  business.  In- 
vestigations of  any  considerable  length 
may  be  most  advantageously  presented 
in  abstract. 

"  It  is  also  very  desirable,  that  gen- 
tlemen who  propose  to  attend  should 
signify  their  intention  early  to  the 
nearest  Local  Treasurer,  or  to  one  of 
the  Secretaries  for  Bristol. 

"  Inibrmation  for  Members,  on  their 
arrival,  will  be  given  at  the  Council 
Chamber,  Council  House,  at  which 
place  there  will  be  an  attendance  of 
proper  persons  for  that  purpose  during 
the  week  of  the  Meeting  and  the  pre- 
ceding week. 

C.  Daubeny,  M-.D.t'i  Secretaries  for 

V.  F.  HovENDEN,    1       Bristol. 

It  appears,  by  a  ix)stscript  to  the 
above,  that  the  fourth  volume  of  the 
Reports,  containing  the  Transactions  at 
Dublin,  in  1835,  the  Recommendations 


MISCELLANEOUS   INTELLIGENCE. 


73 


of  the  Association  and  its  Committees, 
&c.,  "  will  be  I'eady  soon  after  the  middle 
of  July."  It  is  not  yet  ready  (2Gth  July); 
perhaps  it  would  be  impossible,  in  the 
peculiar  circumstances  under  which  the 
MSS.  for  these  volumes  are  obtained, 
the  proofs  corrected,  &c.,  to  publish  them 
sooner;  but  as  the  "  Recommenda- 
tions," &c.,  contain  Propositions  for  Ex- 
periments, Treatises,  &c.,  desirable,  at 
least,  to  be  prepared  and  delivered  in 
time  for  the  succeeding  Anniversary, 
we  submit  to  the  Management  of  the 
Association  the  propriety  of  not  reserv- 
ing these  until  the  very  eve  of  the  meet- 
ing, but  of  publishing  them  the  earliest 
possible  opportunity  after  the  dispersion 
of  the  Association, — while  the  subjects 
are  fresh  in  the  recollection  of  the  mem- 
bers who  attended,  and  giving  the 
greatest  possible  time  for  preparation  to 
those  who  were  absent,  and  to  all  others 
interested  in  the  subjects.  A  sheet, 
without  a  cover,  would  contain  all,  and 
might  be  the  last  of  the  series  of  those 
very  useful  Bulletins  which  have  been 
published  during  some  of  the  meetings  *. 

German  Association,  1836. 

The  annual  meeting  of  natural  philo- 
sophers of  Germany,  will  take  place  at 
Jena,  on  the  10th  of  September. 

Prostitution  of  the  Medallic  Art. 

Boulogne  now  possesses  two  mortifying 
memorials  of  the  failure  of  the  celebrated 
preparations  made  by  the  French,  under 
Buonaparte,  to  invade  England.  She 
long  has  had  thelofty  unfinished  Column; 
and  lately,  M.  Hamy  has  presented  to 
her  Museum  a  medal,  now  extremely 
rare,  struck  by  Napoleon,  and  intended 
to  commemorate  the  intended  expedi- 
tion.    On  the  obverse  is  the  head  of 

"  With  a  very  little  more  attention,  and 
perhaps  no  more  expense,  these  morning 
notices  might  contain  a  much  greater  quan- 
tity of  information;  by  this  the  regular 
march  of  the  business  of  the  Association 
might  be  considerably  assisted,  and  the 
members  enabled  greatly  to  economize  their 
time,  during  the  little  week  of  four  days. 
The  loss  of  Monday,  and,  more  particularly, 
that  of  Saturday,  is  a  subject  of  great 
regret  to  those  who  come  to  work.  At  Bonn, 
last  year,  some  of  the  sections  of  the  Ger- 
man Association,  who  had  interesting  matter 
before  them,  continued  sitting  in  the  suc- 
ceeding week,  until  they  had  deliberately 
discharged  the  whole  of  their  duty. 


Buonaparte,  crowned  with  laurel,  and  the 
inscription  "  Napoleon  Empereur," 
a  title  then  very  recently  assumed  by 
him.  The  design  on  the  reverse  is 
emblematical,  but,  happily  for  England, 
was  not  prophetical, — A  powerful  man  is 
stifling  in  his  arms  a  monster — half 
human,  half  fish.  The  inscription  is, 
"  Descente  en  Angleterre."  It  was 
not  impossible  but  that  this  allusion 
might  have  become  true ;  but  on  the 
exergue  is  the  following  deliberate  lie : — 
"Frappee  a  Londres  en  1804"  ! 

Stereotype  Plates  of  Iron. 

Hr.  Ziegler,  a  printer  of  Blankenburg, 
in  Brunswick,  has  printed  a  Bible  from 
iron  stereotype-plates.  The  advantages 
of  using  this  material  for  such  a  purpose 
are  not  stated. 

Improvements  in  Steam- Carriages  on 
Common  Roads. 

Wk  noticed  in  the  preceding  volume  of 
this  Magazine  two  inventions  of  M. 
Galy-Cazalat,  which  were  designed  for 
the  improvement  of  Steam-Carriages. 
We  have  since  learnt,  by  a  communica- 
tion from  the  inventor,  that  they  are 
part  only  of  a  series  which  has  for  its 
object  the  accomplishment  of  a  problem 
in  which  so  many  have  failed,  and  so 
much  capital  has  been  unproductively 
expended — the  construction  of  a  safe 
Steam-Carriage,  for  the  conveyance  of 
passengers  at  a  desirable  velocity  on 
common  roads,  which  shall  be  perfectly 
safe  from  accidents  by  explosion,  &c. 

After  a  long  and  careful  examination 
of  the  subject,  and  many  experiments, 
on  a  full  scale,  M.  Galy-Cazalat  decided, 
that  the  following  ameliorations  were  all 
desirable  in  the  most  improved  carriages 
yet  known,  and  most  of  them  necessary ; 
thus  he  conceives  he  has  perfectly  ac- 
accomplished  in  his  Steam-Carriage, 

1.  An  arrangement  by  which  the  lia- 
bility of  the  axle-tree-crank  to  break  is 
diminished. 

2.  A  mode  of  suspension  of  the  en- 
gine, &c.,  which  prevents  its  action 
from  being  disturbed  by  joltage*. 

3.  An  apparatus  for  guiding  the  car- 
riage, by  means  of  the  steam  itself, 
with  great  facility. 

4.  An  hydraulic  break  for  diminishing 
the  velocity,  and,  when   desirable,  en- 

•  Examined  and  approved  by  the  Insti- 
tute of  France,  and  rewarded  with  their 
gold  medal,  in  1833. 
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tirely  stopping  a  steam-carriage,  upon  a 
declivity. 

5.  A  steam-generator,  of  simple  con- 
struction and  little  weight;  with  a  fire- 
place in  which  coal  may  be  used  as  a  fuel 
without  giving  out  smoke. 

6.  An  apparatus  of  great  simplicity 
and  of  easy  application,  by  which  ex- 
plosions of  steam-generators  and  boilers 
may  be,  at  all  times,  prevented*. 

7.  An  apparatus,  also  of  great  sim- 
plicity, and  incapable  of  derangement, 
by  which  the  water-surface  in  steam- 
generators  and  boilers  is  constantly 
maintained  during  the  working  of  the 
engine  at  the  same  level  f. 

It  will  be  evident  to  all  who  under- 
stand the  subject  that,  supposing  M. 
Galy-Cazalat  has  succeeded  to  the  ex- 
tent which  he  describes,  he  has  removed 
nearly  all  the  more  important  impedi- 
ments which  have  up  to  this  moment 
obstructed  the  progress  of  this  valuable 
application  of  steam-power. 

To  prevent  Ink  becoming  Mouldy 

Add  to  each  pint-bottle  of  common 
writing-ink  five  drops  of  kreosote :  it 
gives  the  ink  a  slight  odour  of  smoked 
meat,  which  is  by  no  means  disagreeable, 
and  effectively  obviates  its  tendency  to 
become  musty.  The  same  preventive 
applies  with  eq\ial  efficacy  to  Stephens's 
blue  writing-fluid. 

Kreosote  is  a  liquid  extracted,  by  a 
circuitous  process,  from  wood-tar,  and 
may  be  purchased  at  the  chemists'  shops. 

Patent-Law  Improvement. 

The  improvement  of  the  Patent-Law 
is  now  before  the  British  legislature, 
and  that  of  the  United  States.  We 
have  carefully  prepared  abstracts  of  the 
several  Bills,  and  we  lay  them  before 
our  readers  for  comparison.  It  will  be 
an  act  of  self-mortification  for  them  as 
it  has  been  for  us.  They  will  find,  that 
though  the  American  bill  is  far  from 
perfect,  and  is  disfigured  by  some  paltry 
distinctions,  yet  that  it  has  the  merit 
of  attempting  to  embrace  the  whole 
subject,  making  a  "clear  stage  and  show- 
ing no  favour"  to  any  old  and  barbarous 
and  unjust   and  injurious  forms,   and 

•  Exammed,  tested,  and  approved  by 
La  Socitte.  (V Encouragement  of  Paris,  and 
rewarded  with  their  large  gold  medal,  in 
December,  1835.  Described  in  p.  395  of 
the  preceding  volume  of  this  Magazine. 

t  Described  p.  397,  as  above. 


promulgating  a  rational  and  intelligible 
system  of  practice,  which  requires  none 
of  the  absurd  permission  nor  costly 
assistance  of  chief-justices,  chief-barons, 
attornies  and  solicitors-general,  advising 
barristers,  law-agents,  &c.  &c.  Means 
of  information, — of  advice, — of  assist- 
ance,— of  wholesome  check,  are  pro- 
vided for  those  who  are  in  that  pleasing 
but  dangerous  delirium,  which  leads  a 
man  to  the  vestibule  of  the  patent-office, 
and  to  the  sanctum  of  a  patent-agent. 
The  government  and  lawyers  and  agents 
will  not  be  permitted  to  seize  upon  the 
poor  man,  who,  cursed  with  inventive 
genius,  makes  a  step  in  advance  in  the 
march  of  improvement,  and  asks  for 
protection  from  the  pirates  who  surround 
him.  The  United  States  government, 
by  this  Bill,  is  compelled  to  be  ever  ready 
to  aid,  and  the  lawyers  must  stand  aloof, 
at  least  until  the  patent  is  obtained, 
or  refused  for  reasons  given. 

The  British  Patents-Law  Amend- 
ment Bill,  with  all  the  good  intentions 
of  its  promoters,  and  much  is  due  to 
them  for  their  benevolent  designs,  is  a 
vexatious  imperfection  compared  with 
the  American.  The  one  is  a  noble 
statue,  sound,  detached,  complete,  some- 
what deficient  in  symmetry  and  polish. 
The  other,  is  a  mutilated  and  discoloured 
trunk,  sticking  in  the  niche  of  an  old 
building,  on  which  some  modern  artist 
has  been  endeavouriug,  with  great 
difl[iculty  and  little  success,  to  attach  here 
and  there  a  new  limb,  and  in  other 
parts  to  scratch  off  a  little  of  the  dirt 
with  which  time,  and  neglect,  and  mis- 
chievous hands  have  incrusted  it. 

Since  our  last  the  British  Bill  has 
been  twice  in  the  "  dropped  orders" 
of  the  House  of  Commons,  and  has  not 
yet  (26th  July)  been  read  a  second 
time.     This  now  stands  for  the  27th. 

Mr.  Mackinnon,  apparently  untired  by 
these  repeated  delays,  has  stated  in  the 
House  that  he  hopes  stdl  to  get  the  Bill 
into  law  in  this  session.  We  wish  his 
exertions  may  be  successful,  for  though 
we  feel  that  the  object  attempted  is 
hardly  deserving  of  such  efforts,  stdl  if 
attained,  it  may  so  clear  the  ground 
that  something  better  may  be  easier 
attained. 

British  Letters-Patent  Amendment 
Bill — Abstract. 

6  Will.  IV.— Bill  to   amend  the   law 
relating  to  Letters- Patent  for  Inventions, 
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and  for  the  better  Encourageinent  of 
the  Arts  and  Manufactures. — Prepared 
and  brought  in  by  Mr.  Mackinnon  and 
Mr.  Hardy. — Ordered  by  the  House  of 
Commons  to  be  printed,  June  20,  18.36. 

1.  First  Preamble. — "  Whereas  it  is 
expedient  to  alter  and  amend  the  law 
relating  to  letters-patent  for  inventions, 
as  well  as  by  rendering  more  easy  and 
less  expensive  the  manner  of  secui'ing 
to  individuals  the  benefit  of  their  inven- 
tions, as  by  affording  additional  facilities 
to  patentees  for  the  ])rotection  of  their 
rights." — Acts  entirely  repealed  27 
Geo.  III.  c.  38;— 29  Geo.  HI.  c.  19  ;— 
34  Geo.  IV.  c,  33 ; — Act  partly  repealed, 
5  and  6  Will.  IV.  c,  83 ; — so  far  as  re- 
lates to  the  notice  of  objections  to  be 
given  by  defendant  to  plaintiff  on  plead- 
ing to  an  action  for  infringement. 
Things  done,  or  in  progress,  in  conse- 
quence of  above  Acts  not  to  be  affected*. 

2.  Separate  letters- patent  for  Eng- 
land, Scotland,  and  Ireland  no  longer 
necessary.  Letters-patent  obtained  in 
one  kingdom  may  be  obtained  for  the 
other  two,  on  enrolling  a  specification 
within  six  calendar  months,  and  paying 
the  same  fees  as  at  present.  Letters- 
patent  to  be  procured  in  manner  in  use 
in  England. 

3.  Total  amount  of  stamps  on  letters- 
patent  to  be  2/t. 

4.  Warrant  of  a  chief-justice,  or  the 
chief- baron,  directing  the  attorney  and 
solicitor-general  to  prepare  a  bill  substi- 
tuted for  the  King's  signature. 

5.  A  chief-justice,  or  the  chief-baron, 
to  be  applied  to,  to  affix  his  signature  to 
the  bill. 

6.  Such  signature  to  be  as  valid  as 
the  King's.  Not  to  be  held  unneces- 
sary to  obtain  the  royal  signature  when 
the  same  can  be  readily  obtained. 

7.  The  grant  of  letters-patent  is  to 
bear  date  from  the  day  of  presenting 
petition.  Specification  to  be  eni'oUed 
within  nine  calendar  months  from  pre- 
sentation of  petition.  The  term  for  the 
sole  using,  &c.,  of  the  invention  to  bear 
date  from  the  day  of  sealing. 

8.  Shops,  &c.,  of  persons  suspected 
of  infringement,  may  be  searched  under 
a  judge's  order. 

9.  Under-sheriff  may  be  directed  to 
attend  search. 

*  Though  repealed  in  this  Section,  it  is 
re-enacted  in  Section  12  of  this  Bill. 

-f-  The  present  amount  of  stamps  for  an 
EngHsh  Patent  is  £40.,  for  the  three  king- 
doms about  £90. 


10.  Expenses  of  search  to  be  de- 
frayed by  party  applying.  In  case  of 
verdict  against  the  suspected  party, 
judge  may  direct  him  to  pay  them. 

11.  On  favourable  report  of  Privy 
Council,  the  King  may  grant  prolonga- 
tion of  letters-patent  for  a  term,  not  ex- 
ceeding fourteen  years  from  expiration 
of  first  term.  Application  for  such  pro- 
longation to  be  made  with  effect  before 
the  expiration  of  the  first  term. 

12.  In  case  of  action,  notice  of  objec- 
tions to  be  given  by  defendant  and 
plaintiff  as  the  case  may  be,  and  none 
other  allowed  to  be  made  at  trial.  Judge 
may  give  leave  for  others  to  be  offered. 

J 3.  Second  Preamble. — "That  it  is 
expedient  for  the  greater  encourage- 
ment of  the  useful  arts  and  manufac- 
tures in  these  realms,  to  aflFord  some 
further  protection  and  assistance  to  the 
inventors  of  new  and  useful  improve- 
ments, by  vesting  the  property  therein 
in  the  inventors  or  proprietors  thereof 
for  a  limited  time."  Inventions,  by 
which,  in  the  opinion  of  the  inventor 
or  proprietor,  "  some  new  and  beneficial 
operation  or  result  shall  be  obtained  in 
any  art,  science,  manufacture,  or  caUing 
whatsoever"  secured  to  the  inventor  or 
proprietor  for  a  year  from  the  time  of 
registering.  Inventor  or  proprietor 
must  deposit  specimen  or  model  of  in- 
vention, with  his  name  and  address,  and 
pay  a  sum  of  money. 

14.  Three  commissioners  may  be  ap- 
pointed by  the  King  to  carry  Act  into 
effect,  and  removed  by  him  on  sufficient 
reason. 

15.  Commissioners  shall  provide  place 
for  reception  of  specimens,  &c.,  to  be 
deposited,  and  preserve  and  expose 
them  to  public  inspection  for  a  year 
from  date  of  deposit.  Ten  pounds  to 
be  paid  on  deposit  of  specimen,  &c. 
Commissioners  to  grant  certificates  of 
deposit  on  payment  of  one  shilling. 

16.  Persons  using,  vending,  imita- 
ting, &c.,  the  subject-matter  of  a 
licence,  or  counterfeiting  a  certified  per- 
son's mark  on  the  same,  shall  be  liable 
to  a  penalty  of  50l.  Things  which  have 
been  licensed,  may  be  stamped  "  li- 
censed," &c.,  by  any  person  after  the 
term  of  the  license  has  expired.  Holder 
of  license  not  to  be  exempted  by  it  from 
any  liabilities  in  consequence  of  any  in- 
fringement of  letters-patent.  Subject 
matter  of  license  cannot  afterwards  be 
patented,  nor  licensed  a  second  time. 

17.  Commissioners  to  apply  raonie.s- 
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received  under  Act  to  the  payment  of 
expenses  of  preserving  and  exhibiting 
specimens,  &c.,  and  account  for  sur- 
plus. 


United  States  Letters-Patent   Bill- 
Abstract. 


Bill  to  promote  the  Progress  of  the 
Useful  Arts,  and  to  repeal  all  Acts,  and 
parts  of  Acts,  heretofore  made  for  that 
purpose.— Drawn  by  a  Select  Commit- 
tee of  Congress,  appointed  to  take  into 
consideration  the  state  and  condition  of 
the  Patent-Office,  and  the  Laws  relating 
to  the  Issue  of  Patents  for  new  and 
useful  Inventions  and  Discoveries. 

].  New  Patent-Office  to  be  established, 
and  attached  to  the  Department  of 
State ;  chief  officer  to  be  called  The 
Commissioner  of  Patents.  Commis- 
sioner to  superintend  the  issue  of  all 
patents,  and  have  charge  of  records, 
models,  &c.  belonging  to  Patent-Office; 
—to  have  the  same  salary  as  Commis- 
sioner of  Indian  Department. 

2.  To  be  a  Chief  Clerk,  with  salary 
of  £380 ;  two  other  Clerks,  £280  each ; 
Examiner,  £340;  Draughtsman,  £270  ; 
Mechanist,  £225 ;  andMessenger,  £  1 1 2! 

3.  All  officers  to  make  oath  to  execute 
their  duties  faithfully.  Commissioner 
and  Chief  Clerk  to  give  bonds  and 
securities  for  £  each  to  Treasurer  of 
United  States  ;— to  give  account  to  him, 
quarterly,  of  all  monies  received. 

4.  Commissioner  to  provide  a  seal. 
AH  records,  papers,  &c.  which  have  the 
signature  of  the  Commissioner,  and  the 
said  seal,  shall  be  evidence.  Copies  of 
written  documents  may  be  had  on  pay- 
ing (about)  5d.  for  every  100  words,  and 
copies  of  drawings  on  payment  of  rea- 
sonable expenses. 

5.  Patents  to  be  issued  in  the  name 
of  The  United  States,  under  seal  of 
Patent-Office,  signed  by  Secretary  of 
State,  and  countersigned  by  Commis- 
sioner of  Patents,  to  be  recorded,  with 
the  specimens,  in  said  office,  &c. 
Patent  to  contain  short  description  of 
invention,  and  a  grant  to  the  inventor 
and  his  heirs,  of  the  sole  use,  &c.  for  a 
term  not  exceeding  fourteen  years,  with 
a  reference  to  specification  for  parti- 
culars. 

6.  Inventor  to  apply  to  Commissioner, 
who  may  grant  patent.  Inventor  first 
to  deliver  a  written  description,  drawings, 
specimens,  models,  &c.  (as  the  case  may- 
be,) so  that  a  person  skilled  in  the  art 
or  science  to  which  it  appertains,  or  with 


which  it  is  most  nearly  connected,  may 
be  able  to  make  the  same.  Claim  to 
be  particularly  specified.  Documents 
to  be  signed  by  inventor  and  two  wit- 
nesses, and  filed  in  Patent-Office.  In- 
ventor to  make  oath,  that  he  beUeves 
himself  to  be  the  original  inventor. 

7.  Commissioner  to  cause  invention 
to  be  examined,  and  if  satisfied  it  is  new 
and  useful,  ought  to  issue  a  patent.     If 
Commissioner  be  dissatisfied,  or  if  he 
think  the  description,  &c.  insufficient, 
to  give  inventor  notice  of  same,  with 
I  information  for  his  guidance.    Inventor, 
on  withdrawing  his  application,  may  re- 
ceive back  one  part  of  duty  paid;  on 
persisting  in  his  claim,  must  make  fresh 
oath.    If  Commissioner  be  still  dissatis- 
fied, he  may  have  three  examiners  ap- 
pointed by  Secretary  of  State,  selected 
for  their  knowledge  and  skill  in  the  par- 
ticular subject.     Examiners  to  be  fur- 
nished vvith  decision  and  reasons  of  the 
Commissioner  in  writing.     Examiners 
to  give  notice  to  inventor  and  Commis- 
sioner of  time  and  place   of  meeting, 
that  the  latter  may  give  evidence.    Ex- 
aminers  may,   after  inquiry  and  deli- 
beration,  revise   the   decision  of  Com- 
missioner, either  in  whole  or  part,  and 
Commissioner    shall    be    governed   by 
decision   of  examiners   in    the  further 
proceedings.      Inventor    must    deposit 
with  Commissioner,  before  the  exami- 
ners are  appointed,  the  sum  of  £         , 
which  shall  be  a  full  compensation  for 
their  services. 

8.  Application  for  a  patent  which 
would  interfere  with  other  applications 
or  patents,  to  be  notified  by  Commis- 
sioner to  other  applicants  and  patentees. 
Commissioner  may  decide  upon  the 
priority  or  right.  Case  of  dissatisfac- 
tion of  parties  to  be  dealt  with  as  in 
Section  7. 

9.  Before  consideration  by  Commis- 
sioner of  application,*inventor  must  pay, 
if  he  be  citizen  of  the  United  States, 
or  if  alien  and  resident  in  the  United 
States  for  a  year  preceding,  having 
made  oath  of  his  intention  to  become 
citizen,  £9 ;  if  subject  of  the  king  of 
Great  Britain,  £l  ]  2  *;  all  others,  £67  10*. 
Monies  received  under  act  to  constitute 


*  On  the  principle  that  an  American 
citizen  must  pay  about  the  same  sum  for  a 
patent  in  England;  but  it  should  have  been 
remembered,  that  an  American  pays  no 
more  here  than  a  native,  and  this  would  be 
the  liberal  and  just  rule  for  the  United 
States  legislators. 
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a  fund  for  the  salaries,  &c.  of  the  Patent- 
Office,  to  be  called  the  Patent-Fund. 

10.  Hen-s  of  an  inventor  who  may  die 
before  a  patent,  can  be  obtained,  may 
apply  and  obtain  patent  on  their  making 
proper  oath. 

11.  Patent,  or  any  part,  may  be  as- 
signed by  instrument  in  writing.  As- 
signment to  be  recorded  in  Patent- 
Office  within  three  months.  Assignee 
to  pay  £         for  the  record. 

12.  Caveat  for  time  to  mature  inven- 
tion may  be  granted.  In  application 
for  patent,  invention  to  be  specified. 
Such  specification  of  the  invention  to 
be  preserved  secret  in  Patent-Office. 
Caveat  to  be  in  force  for  a  year ;  during 
such  time  all  applications  for  patents 
which  may  interi'ere,  to  be  notified  by 
Commissioner  to  holder  of  caveat.  Cases 
of  interfering  applications  to  be  dealt 
with  as  interfering  patents,  Sect.  8. 
Decision  of  examiners  not  to  preclude 
the  right  of  contesting  the  priority  of 
invention  in  a  court  having  jurisdiction. 

13.  Patent  which  may  be  invalid 
through  insufficient  description,  or  im- 
proper claim,  without  fraudulent  inten- 
tion, may  be  surrendered  to  Commis- 
sioner, who,  on  the  payment  of  £3  10s. 
may  issue  a  new  Patent  for  the  residue 
by  Patentee  of  term.  Such  re-issued 
Patent  to  be  valid. 

Original  Patentee  may,  on  payment 
of  £3  lOs.  add  description  of  any  new 
improvement  of  the  original  invention, 
subsequently  made.  Commissioner  to 
certify  time  of  addition  on  such  added 
description.  Such  addition  to  be  then 
valid  as  original. 

14.  Court,  on  a  verdict  for  plaintiff 
in  an  action  for  infringement,  may  grant 
costs  not  exceeding  three  times  the 
amount  of  damages  given. 

15.  Defendant  may  plead  the  general 
issue,  and  give  this  Act  in  evidence, 
and  any  special  matter  of  which  notice 
may  have  been  given  to  the  plaintiff 
thirty  days  before  trial,  which  may  tend 
to  prove  that  the  specification  is  fraudu- 
lently insufficient  or  redundant,  or  that 
the  Patentee  was  not  the  original  inven- 
tor, or  that  the  thing  patented  had  been 
in  use  or  described  in  some  public  work 
anterior  to  discovery  by  Patentee ;  or 
that  it  had  been  publicly  used  and  sold 
with  consent  of  Patentee  before  his  ap- 
plication, or  that  Patentee  had  unjustly 
obtained  a  Patent  for  that  which  had 
been  invented  by  another ;  or  that  the 
Patentee,  if  an  alien  at  the  time  the 


Patent  issued,  had  neglected  for  the 
space  of  eighteen  months  from  the  date 
of  the  Patent,  to  put  it  in  operation  in 
the  United  Slates,  or  to  put  the  in- 
vention on  sale  to  the  citizens  thereofj 
on  reasonable  terms  ;  or  that  if  for  any 
period  of  eighteen  months  the  said  in- 
vention shall  not  have  been  put  in  ope- 
ration or  on  sale,  judgment  for  the 
defendant  in  all  the  preceding  cases 
shall  carry  costs.  Plaintiff  to  be 
awarded  costs  if  defendant  has  used  any 
part  of  invention  justly  claimed  as  new, 
even  if  the  plaintiff  may  have  claimed 
more  than  he  invented. 

1 6.  In  case  of  interfering  Patents,  or 
refusal  of  Examiners  to  grant  Patent 
likely,  in  their  opinion,  to  interfere,  the 
parties  interested  may  have  remedy  by 
Bill  in  Equity.  Court  may  adjudge 
Patents  void,  in  whole  or  part,  and  de- 
cide that  applicant  is  entitled  to  Patent, 
Commissioner,  on  such  adjudication, 
may  issue  Patent.  No  such  judgment 
to  affect  the  rights  of  any  but  parties 
and  those  deriving  title  from  them  sub- 
sequent to  judgment. 

1 7.  Certain  Courts  may  grant  injunc- 
tions. Appeal  from  all  may  be  made  to 
The  Supreme  Court  of  the  United 
States. 

18.  Library  of  Scientific  Works,  and 
Periodical  Publications,  Foreign  and 
American,  to  be  purchased  for  Patent- 
Office.  The  sum  of  £  to  be  appro- 
priated annually  for  this  purpose  out  of 
the  Patent-Fund. 

19.  Commissioner  to  cause  models, 
specimens,  &c.,  patented  and  unpa- 
tented, to  be  arranged  and  displayed  in 
proper  rooms.  Such  rooms  to  be  open 
to  public  inspection  during  suitable 
hours. 

20.  All  previous  Acts  repealed.  Le- 
gal proceedings  in  progress  to  proceed 
as  though  this  Act  had  not  passed,  ex- 
cept the  application  of  the  provisions  of 
the  Fourteenth  and  Fifteenth  sections, 
as  far  as  they  may  be  applicable. 

Total  Amount,  and  Annual  Average, 
of  Patents  in  the  United  States. 

The  first  Act  of  Congress  on  the  sub- 
ject of  patents  was  passed  in  1 790.  The 
average  number  issued  annually  from 
1790  to  1800  was  but  26;  from  1800 
to  1810,  ;the  average  number  was  91  ; 
from  1810  to  1820,  it  was  200;  and, 
for  the  last  ten  years,  the  average 
number  has  been  535.    During  the  last 
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year,  there  were  issued  770  ;  and  there 
have  been  granted  in  the  first  quarter 
of  the  present  year  274,  being  more  in 
three  months  than  were  issued  in  the 
whole  of  the  first  period  of  ten  years. 
In  the  twenty-two  years  preceding  the 
war  of  1812,  the  average  annual  number 
■was  73.  The  first  quarter  of  the  pre- 
sent year  indicates  an  aggregate  for  the 
year  of  1096  ;  the  amount  of  the  duties 
on  which  will  be  upwards  of  32,000 
dollars  (£7200).  The  whole  number 
issued  at  the  Patent-Office,  under  the 
laws  of  The  United  States,  up  to  the 
31st  of  March  last,  is  9731.  This  is 
more  than  double  the  number  which 
have  been  issued  either  in  England  or 
France  during  the  same  period. — Report 
of  Select  Committee  of  Congress. 
United  States,  1836. 

High  Electrical   State  of  the  Atmo- 
sphere. 

"  One  of  the  most  remarkable  meteo- 
rological phenomena  in  this  cpimtry 
(New  Harmony,  Indiana,  United  States, 
latitude  38°  1 1'  N.,  longitude  87°  55'  vv.) 
is  the  surprising  electrical  state  of  the 
atmosphere  and  all  non-conducting 
bodes,  during  the  Autumn  and  first 
Winter  months,  when  the  wind  blows 
from  the  north-west.  I  have  observed, 
at  such  times,  the  hairs  of  the  horses' 
tails  so  charged,  that  whole  bunches 
would  adhere  with  considerable  force  to 
the  horses'  tianks ;  or  at  other  times, 
the  individual  hairs,  repelled  by  their 
neighbours,  would  stand  several  inches 
apart.  Distinct  shocks  may  then  be 
obtained  in  the  fingers  by  rubbing  the 
back  of  a  cat  with  one  hand,  and  holding 
the  point  of  its  tail  firmly  with  the  other. 
One  day  last  Winter  (1834-5),  I  ob- 
served a  silk  apron  attracted  by  the  table 
so  strongly,  and  at  such  a  distance  from 
it,  as  to  enable  the  wearer  to  keep  it 
suspended  in  the  air  at  a  full  right 
angle.  When  silk,  or  flannel,  is  re- 
moved rapidly  from  the  body  in  the 
dark,  it  will  exhibit  for  the  moment, 
one  luminous  electric  sheet,  and  a  dis- 
tinct crackling  noise  may  be  heard. 
Besides  these  facts,  many  very  interest- 
ing phenomena  may  be  observed." — 
D.  D.  Owen,  Meteorological  Notices 
on  Indiana,  dated  New  Harmony,  28th 
May,  1835. 

In  corroboration  of  the  above,  we  can 
state  from  personal  remark,  that,  at 
the  same  place,  during  20|  successive 


days  in  the  Autumn  of  1826,  thunder, 
near  or  remote,  was  heard  unceasingly ; 
so  that  it  might  be  asserted,  without 
exaggeration,  that  one  peal  of  thunder 
lasted  there  for  nearly  500  hours  ! 

Railroad  Acts,  present  Session, 
(July  23rd,  inch) 

The  following  additional  Railroad  Bills 
received  the  royal  assent  on  the  4th  of 
July: 

18.  Sheffield  and  Rockingham. 

19.  Hayle. 

20.  Manchester  and  Leeds. 

21.  North  of  England. 

22.  London  and  Cambridge. 

23.  Eastern  Counties   (London   and 

Norwich.) 

24.  Dundee  and  Newtyle. 

25.  North  Midland. 

26.  London  Grand  Junction. 

27.  Thames  Haven. 

28.  London  and  Croydon. 

29.  Preston  and  Longridge. 

Rail-road  from  Cairo  to  Suez. 

The  works  of  the  railroad  from  Cairo 
to  Suez  are  now  in  active  operation, 
under  the  personal  superintendence  of 
the  engineer  who  designed  it,  Mr. 
Galloway,  (created  a  Bey*  by  the  Pasha 
Mehemet  Ah,  and  therefore  known  in 
Egypt  as  Galloway-Bey).  The  rails  are 
sent  out  from  England.  The  total 
length  of  the  railroad  is  80  and 
3-lOths  English  miles.  It  is  by  no 
means  level.  The  summit,  28  miles 
from  Suez,  has  an  elevation  of  952  feet 
above  the  terminus  at  that  place. 

Patent-Law  Grievance.     No.  V. 

The  penalties  inflicted  on  the  inventive 
genius  of  Britain  during  the  present 
year,  up  to  the  25th  ult.,  in  the  shape  of 
government  stamps  and  fees  on  patents, 
amount  to  more  than  £-26,000! 

N.B.  This  sum  has  been  paid  in 
ready  money,  on  taking  the  first  steps, 
and  as  many  of  the  inventors  are  poor 
men  (operatives,)  and  a  great  many 
others  of  them  persons  to  whom  it  would 
be  very  inconvenient  to  pay  at  least 
£100  down,  they  have  been  obliged  to 
go  into  debt,  or  mortgage  or  dispose  of 
their  inventions,  either  wholly  or  in 
part,  &c. 

"  The  title  of  "  Bey"  corresponds  nearly 
to  that  of  "  Colonel"  with  us. 
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R. — The  fust  Date  annexed  to  each  Piitent,  is  that  on  which  it  was  sealed  and  granted;  the  second, 

that  on  orbel'oie  wliich  the  Specification  must  be  delivered  and  enrol'.ed. The  abbreviation  For. 

Vomm.,  signifies  tliat  tlie  invention,  &c.,  is  "  a  communication  from  a  foreigner  residing  abroad." 


JUNE  contd. 

164.  .ToHN  Roberts,  PrestoUe,  Lane, 
Calico-printer ;  for  improvements  in  block 
printing.     June  2?. — Dec.  27. 
Total,  June. ..32. 


165.  Bennett  Woodcroft,  Manchester, 
Lane.,  Gent;  for  improved  mode  of  print- 
ing certain  colours  on  calico,  and  other  fa- 
brics.    July  2. — Jan.  2. 

166.  William  Wainwright  Potts, 
Cliina  and  Earthenware  manufacturer, 
William  Machine,  China  and  Earthen- 
ware manufacturer,  and  William  Bourne, 
all  of  Burslem,  Staff.,  Manager;  for  an  im- 
proved method  or  process,  whereby  impres- 
sions, or  patterns,  in  one  or  more  colours, 
or  metallic  preparations,  are  produced  and 
transferred  to  surfaces  of  metal,  wood, 
cloth,  paper,  papier-mach^,  bone,  slate, 
marble,  and  other  suitable  substances  pre- 
pared, or  otherwise  not  being  used  or  known 
as  earthenware,  porcelain,  china,  glass,  or 
other  similar  substances.    July  2. — Jan.  2. 

167.  Samuel  Meggitt,  Hull,  Master 
Mariner ;  for  improvements  in  anchors  and 
in  apparatus  for  fishing  such  improved  an- 
chors, which  improvements  may  be  adapted 
to  anchors  now  in  use.     July  2. — Jan.  2. 

168.  Robert  Walter  Swinburne,  South 
Shields,  Durh.,  Agent ;  for  improvements 
in  the  manufacture  of  plate-glass,  July  2. 
— Jan.  2. 

169.  John  Isaac  Hawkins,  Hampstead- 
rd.,  Middx.,  C  ivil -engineer ;  for  improve- 
ments in  manufacturing  iron  and  steel. 
July  2. — Jan.  2.     For.  Comm. 

170.  William  South  WOOD  Stockbr.  Bir- 
mingham, IFarw., Machinist;  for  improve- 
ments la  machinery  applicable  to  the  ma- 
king of  nails  and  other  purposes.  July  7- 
— Jan.  7. 

171.  Matthew  Heath,  Furnival's  Inn, 
Lond.,  Esq. ;  for  new  mechanical  combi- 
nations for  obtaining  power  and  velocity 
applicable  to  the  propelling  of  vessels, 
raising  water,  and  to  machinery  of  various 
descriptions.  July  7- — Jan.  7-  for.  Comm. 

172.  Elisha  Haydon  Collier,  City-rd., 
Middx.,  (formerly  of  Boston,  United 
States,)  Civil-engineer;  for  improvements 
in  steam-boilers.     July  13. — Jan.  13. 

173.  Miles  Berry,  Chancery-lane,  Hol- 
born,  Middx.,  Mechanical  Draftsman;  for 


improvements  in  machinery  for  forming 
staves  for  barrels,  casks,  and  other  pur- 
poses.    July  13. — Jan.  13.     For.  Comm. 

174.  Louis  Matthias  Horliac,  (late  of 
Paris,)  Haymarket,  Middx.,  Gent. ;  for 
improvements  in  carriages  and  harness. 
July  13. — Jan.  13.     For.  Comm. 

175.  Oliver  Bird,  Woodchester,  Glouc., 
Clothier,  and  William  Lewis,  Stroud,  in 
the  said  county.  Clothier;  for  improve- 
ments in  machinery  applicable  to  the 
dressing  of  woollen  and  other  cloths  requi- 
ring such  process.     July  13. — Jan.  13. 

176.  John  Ericsson,  Brook-st.,  New-rd., 
Middx.,  Civil-engineer;  for  an  improved 
propeller  applicable  to  steam-navigation. 
July  13.— Jan.  13. 

177.  William  Essex,  Chatham,  near 
Manchester,  Lane,  Agent ;  for  improve- 
ments in  machinery  for  producing  rotary 
motion.  July  13. — Jan.  13. 

178.  Samuel  Brown,  Boswell-court, 
Cary-st.,  Miefrf^j?.,  Engineer ;  for  improve- 
ments for  generating  gas,  which  improve- 
ments are  also  applicable  to  other  useful 
purposes.      July  14. — Jan.  14. 

179.  Charles  Phillips,  Chipping,  Oxf., 
Surgeon ;  for  improvements  in  drawing 
off  beer  and  other  liquors  from  casks  or 
vessels.    July  14. — Jan.  14. 

180.  JohnEricsson,  Brook-st.,  New-rd., 
Middx.,  Civil-engineer ;  for  improved  ma- 
chinery to  be  used  in  the  manufacturing 
of  files.    July  20.— Jan.  20. 

181.  Charles  Wheatstone,  Conduit-st. , 
Middx. ,  Musical-instrument  Manufacturer, 
and  John  Green,  Soho-sq.,  Middx.,  Mu- 
sical-instrument Manufacturer ;  for  new 
methods  of  forming  musical  instruments,  in 
which  continuous  sounds  are  produced  from 
strings,  wires,  orsprings.  July 26. —Jan.  26. 

182.  Charles  Brandt,  Pimlico,  Middx., 
Gent. ;  for  an  improved  method  of  evapo- 
rating and  cooling  fluids.  July  26.— Jan.  26. 

183.  Phter  Spence,  Henry-st.,  Com- 
mercial-rd.,  Middx.,  Chemist;  for  im- 
provements in  the  manufacture  of  prussian- 
blue,  prussiate  of  potash,  and  plaster-of- 
paris.    July  26. — Jan.  26. 

184.  John  Hall,  New  Radford,  Nott., 
Lace-manufacturer  ;  for  improvements  in 
certain  machinery  for  facilitating  the  ope- 
ration of  dressing  or  getting  up  or  finishing 
of  large  pieces  of  lace-net,  as  bobbin-net, 
or  twist-net,  and  warp-net,  and  tattings. 
July  26.— Jan.  26. 
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Scanty  rain;    day  generally   overcast,  with  cirrus 

Much  cloud;  rain,  p.m.                                     [cloud. 

Light  showers;  cumulus,  and  much  driving  scud. 

Wind  very  high ;  flying  clouds ;  rainy  evening. 

Windy ;  scanty  rain  at  noon ;  clear  night. 

Much  cloud;  cirri  and  cirro-cumuli  ;  windy. 

Cloudy  and  lowering;  drizzling  rain;  overcast  from 

Fair;  passing  CMmw/i  ;  distant  nm6j.               [scud. 

Strong  winds ;    cumuli ;    cirro-strati  in  flocks,  and 

Ditto;  overcast;  rain  at  night.                         [scud. 

Fine;  heavy  gale,  p.m.;  scud. 

Chilly ;  much  cloud. 

Very  fine ;  heavy  clouds. 

Sultry;  clouds;  cirro-cumuli.                 [to  nine,  p.m. 

Light  clouds;  sultry;  lightnmg  to  south,  from  eight 

Cirro-stratus  ;  drops  of  rain. 

Cirro-stratus;  cum.-stratus;  wm6i ,•  distant  thunder 

Fine;  few  clouds.                                      •  [to  north. 

Ditto,  A.M. — P.M.,  squalls  with  thunder-showers. 

Windy;  cumulus  and  cirro-cumulus. 

Overcast,  with  scanty  rain. 

Rain  during  night;  windy;  clear  at  eleven. 

Drizzling  rain. 

Violent  squalls  of  wind  and  rain;  thunder  at  4  p.m. 

Cumulo-stratus  ;  a  shower  at  8  p.m. 

Much  cloud;  cirr. -cumulus,  and  cum.-stratus. 

Ditto,  ditto;  cirr. -cumulus,  in  flocks. 

Fine ;  warm ;  wind  strong  at  intervals. 

Hazj';  cirri;  clear  night.             [at  night,  to  south. 

A  breeze;  ranch  cirrus  ;  continuous  brilliant  lightning  1 
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ON  THE  STUDY  OF  MATHEMATICS. 

Our  readers  are  aware  that  attention  has  been  lately  recalled  to  a  con- 
troversy of  long  standing,  by  the  appearance  of  Mr.  Whewell's  pamphlet 
On  the  Study  of'  Mathematics,  which  elicited  an  article  in  the  Edinburgh 
Revietv,  written  with  a  bitterness  seldom  excited  but  by  personal  resent- 
ment, but  with  that  critical  acumen  and  profound  learning  which  has  so 
deservedly  rendered  that  journal  a  leading  one  in  literature.  The  pro- 
fessed object  of  tlie  writer  is  to  show,  that  mathematics,  when  made  a 
principal  study,  instead  of  being  calculated  to  develop  and  mature  the 
intellectual  faculties,  have  a  directly  contrary  tendency,  and  train  the 
mind  to  a  "  one-sidedness"  which  disqualifies  it  for  intercourse  Avith 
others,  and  for  sound  philosophical  reasoning.  Professor  Chevallier,  of 
the  Durham  University,  has  replied  to  this  attack,  with  an  eloquence 
which  exhibits  him  as  a  powerful  champion  on  the  other  side.  We  shall 
endeavour  to  place  the  merits  of  the  question  in  a  simple  form  before 
our  readers,  to  the  end  that  they  may  judge  for  themselves  on  a  point  so 
vitally  connected  with  systematic  education ;  we  will  strive  to  be  as 
impartial  in  weighing  the  evidence  as  is  compatible  with  a  very  decided 
opinion  on  the  subject;  one  requisite  to  candour  on  the  question  we  at 
least  possess — that  of  not  owing  our  education  to  either  of  the  two  uni- 
versities which  have  been  implicated  in  the  discussion;  our  bias  is, 
therefore,  not  due  to  those  associations  of  filial  reverence  which  these 
alma;  matres  so  naturally  excite  in  their  children.  If  in  our  endeavours 
to  justify  mathematical  study,  and  defend  it  from  the  attacks  of  its 
enemies,  we  appear  exclusively  to  direct  our  arguments  against  the 
article  alluded  to,  it  is  because  we  consider  it  as  embodying,  in  the 
most  detailed  and  luminous  form,  all  the  objections  that  have  ever  been 
made. 

The  question  at  issue  has  been  simplified  by  excluding  all  consi- 
deration of  the  ?<^i7i7j/  of  the  sciences  brought  into  contrast  during  the 
argument;  they  have  been  considered  solely  "as  the  means  of  a  liberal 
education — that  is,  an  education  in  which  the  individual  is  cultivated, 
not  as  an  instrument  towards  some  ulterior  end,  but  as  an  end  unto 
himself  alone ;  in  other  words,  in  which  his  absolute  perfection  as  a 
man,  not  his  relative  dexterity  as  a  professional  man,  is  the  scope 
immediately  in  view."  We  confess,  however,  that  this  distinction 
appears  to  us  more  specious  than  necessary,  every  man  has  an  ulterior 
end  in  view,  though  it  may  not  be  the  acquisition  of  wealth,  or  even  the 
means  of  subsistence;  emancipation  from  these  cares  not  only  does  not 
enable  the  mind  to  attain  universal  knowledge,  but  by  removing  a 
powerful  incentive  to  exertion  generally  renders  it  less  active;  it  is  the 
opposite  tendencies  of  very  general  and  comprehensive  divisions  of 
studies  which  are  to  be  canvassed,  the  comparison,  as  will  appear,  is 
virtually  instituted  between  abstract  and  physical  science,  and  literature 
in  the  most  comprehensive  sense  of  that  term;  now  the  student  becomes 
devoted  to  one  or  the  other  of  these  divisions  from  causes  quite  inde- 
pendent of,  and  long  anterior  to  the  choice  of  a  profession,  which  choice 
is  greatly  influenced  by  the  inclination  manifested  towards  one  of  these 
branches  of  study  in  preference  to  the  other,  and  professional  success 
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must  subsequently,  in  a  great  measure,  depend  on  tlie  general  intel- 
lectual cultivation  of  the  candidate. 

The  essential  preliminary  to  such  a  controversy  ought,  we  conceive, 
to  have  been  a  definition  of  what  constitutes  a  liberal  education,  and  of 
the  tests  by  which  we  may  estimate  the  degree  of  success  in  its  attain- 
ment; we  presume  the  one  generally  received  may  be  adopted  here — which 
defines  the  most  efiicient  education  to  be  that  which  secures  the  greatest 
quantity  of  happiness  to  the  individual,  happiness  being  previously 
shown  to  depend  on  moral  conduct,  and  that  this  again  is  fostered  by 
mental  discipline  as  conducing  to  the  subjugation  of  our  passions.  If 
that  command  over  our  passions  be  obtained,  it  must  be  comparatively 
unimportant  what  may  be  the  subjects  with  which  the  intellect  is  occu- 
pied; but  since  variety  must  be  presented  to  it  in  order  to  keep  the 
mind  in  constant  activity,  no  one  study  exclusively  pursued  can  be 
adequate  to  the  object;  all  parties,  accordingly,  insist  on  diversity  of 
pursuits,  as  a  mean  of  intellectual  cultivation,  and  the  question  becomes 
— Which  ought  to  have  the  preference  as  the  more  engrossing  occu- 
pation? Surely  that  which  involves  the  greatest  number  of  others,  or  that 
which  cannot  be  successfully  prosecuted  independently  of  others. 

"Without  entering  into  any  metaphysical  discussions,  we  may  pri- 
marily refer  the  intellectual  faculties  which  it  is  the  object  of  education 
to  develop,  to  those  oi  judgment  and  imagination;  the  studies  by  which 
the  former  is  chiefly  matured  are  such  as  exercise  the  reasoning  powers, 
and  "  enable  us  to  trace  securely  and  readily  the  necessary  consequences 
of  assumed  principles." 

"  In  a  great  part  of  mankind  such  a  power  requires  to  be  confirmed  and 
strengthened  by  education,  since  by  nature  it  exists  in  a  low  degree  and  con- 
fused form  only ;  men's  minds   are   full  of  convictions  which  they  cannot 

justify  by   connected   reasoning,    however   reasonable   they   may   be 

There  prevails  very  widely  an  obscurity  or  perplexity  of  thought,  which  pre- 
vents men  from  seeing  clearly  the  necessary  connexion  of  their  principles 
with  their  conclusions. 

"  Now  though  there  is  this  chance  of  being  practically  right  and  specula- 
tively wrong,  it  will  probably  be  allowed  that  this  is  not  a  state  of  mind  in 
which  those  can  acquiesce  contentedly,  whose  object  is  the  mental  culture  of 

man The  object  of  a  liberal  education  is  to  develop  the  whole  mental 

system  of  man,  and  thus  to  bring  it  into  consistency  with  itself ; — to  make 
his  speculative  inferences  coincide  with  his  practical  convictions; — to  enable 
him  to  render  a  reason  for  the  belief  that  is  in  him,  and  not  to  leave  him  in 
the  condition  of  Solomon's  sluggard,  who  is  wiser  in  his  own  conceit  than 
seven  men  that  can  render  a  reason. 

"  This  complete  mental  culture  must,  no  doubt,  consist  of  many  ele- 
ments ;  but  it  is  certain  that  an  indispensable  portion  of  it  is  such  a  discipline 
of  the  reasoning  power  as  will  enable  persons  to  proceed  with  certainty  and 

facility  from  fundamental  principles  to  their  consequences 

"  There  are  two  principal  means  which  have  been  used  for  this  purpose 
in  our  universities ; — the  study  of  mathematics  and  the  study  of  logic.  These 
may  be  considered  respectively  as  the  teaching  of  reasoning  by  practice  and 
by  rule.  In  the  former  study,  the  student  is  rendered  familiar  with  the 
most  perfect  examples  of  strict  inference;  compelled  habitually  to  fix  his 
attention  on  those  conditions  on  which  the  cogency  of  the  demonstration 
depends ;  and  in  the  mistaken  and  imperfect  attempts  at  demonstration  made 
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by  himself  or  others,  he  is  presented  with  examples  of  the  most  natural 
fallacies,  which  he  sees  exposed  and  corrected.  In  studying  logic,  on  the 
other  hand,  a  person  finds  the  conditions  formally  stated  under  which  an 
inference  is  legitimate ;  he  is  enjoined  to  see  that  in  any  given  case  these 
conditions  are  satisfied ;  and  if  a  fallacy  exists,  he  is  provided  with  rules  by 

which  it  may  be  condemned  and  made  more  glaringly  wrong 

"  Mathematics  familiarize  the  student  with  the  usual  forms  of  inference, 
till  they  find  a  ready  passage  through  his  mind,  while  anything  which  is 
fallacious  and  logically  wrong  at  once  shocks  his  habits  of  thought,  and  is 
rejected.  He  is  accustomed  to  a  chain  of  deduction,  where  each  link  hangs 
from  the  preceding ;  and  thus  he  learns  continuity  of  attention  and  coherency 
of  thought.  His  notice  is  steadily  fixed  upon  those  circumstances  only  in  the 
subject  on  which  the  demonstrativeness  depends ;  and  thus  that  mixture  of 
various  grounds  of  conviction,  which  is  so  common  in  other  men's  minds,  is 
rigorously  excluded  from  his.  He  knows  that  all  depends  upon  his  first 
principles,  and  flows  inevitably  from  them ;  that  however  far  he  may  have 
travelled,  he  can  at  will  go  over  any  portion  of  his  path,  and  satisfy  himself 
that  it  is  legitimate ;  and  thus  he  acquires  a  just  persuasion  of  the  importance 
of  principles,  on  the  one  hand,  and,  on  the  other,  of  the  necessary  and  con- 
stant identity  of  the  conclusions  legitimately  deduced  from  them.  Logic,  on 
the  contrary,  forcing  upon  our  notice  the  rules  which  we  follow  when  we 
reason  well,  hardly  allows  them  to  become  so  habitual  as  to  escape  our 
consciousness ;  nor  does  she  familiarize  us  with  long  trains  of  strict  reasoning, 
since  she  generally  gives  special  deductions  only  as  examples  of  forms  of 
argument.  And  thus  the  continuity  and  concentration  of  thought,  and  the 
quick  sense  of  demonstration  which  it  is  our  aim  to  educe,  are  not  taught 
so  well  by  this  study  as  by  that  of  mathematics." — (Whewell  mt  the  Study  of 
Mathematics,  ^c,  pp.  4 — 7.) 

The  progressive  enlargement  of  the  boundaries  of  our  knowledge, 
and  consequent  multiplication  of  subjects  with  which  the  mind  may  be 
occupied,  compels  every  one  to  make  a  selection  of  them  for  study;  it  is 
only  in  times  when  science  is  extremely  limited  and  vague,  that  uni- 
versal geniuses  can  exist,  such  as  a  Mirandola  or  a  Crichton  are  repre- 
sented to  have  been;  in  the  present  day  men  are  attracted  towards  that 
branch  of  study  for  which  their  intellectual  constitution  more  particularly 
inclines  them,  and  they  are  obliged  to  content  themselves  with  a  general 
acquaintance  with  the  others;  the  comparative  value  of  each  as  a  mean 
of  mental  culture,  can  only  be  estimated  by  the  average  result  of  that 
peculiar  study  on  individuals,  and  if  any  one  study  appears  steadily  to 
decline  in  general  estimation,  it  is  a  presumptive  proof  that  it  is  found 
to  be  either  inadequate  to  mental  discipline,  or  is  relinquished  from 
causes  over  which  we  have  no  control.  Now  we  think  that  this  ten- 
dency to  decreasing  estimation  has  manifested  itself  for  a  considerable 
period,  with  regard  to  those  studies  denominated  philosophy  by  the 
reviewer;  on  such  matters  individual  must  yield  to  general  opinion;  it  is 
futile  endeavouring  to  stigmatize  the  latter  by  attributing  it  to  the 
spread  of  utilitarian  or  revolutionary  principles ;  the  doctrines  thus  desig- 
nated could  not  extend  themselves,  unless  they  were  found  to  contribute 
ulteriorly  to  general  happiness,  or  to  have  become  involved  in  our 
well-doing. 

There  can  exist  no  permanent  standard  with  which  to  compare  the 
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several  studies  that  may  engage  the  mind,  for  the  purpose  of  deciding 
on  their  relative  merits;  as  the  various  relations  among  the  great  family 
of  mankind  increase  in  number  and  complexity,  the  general  plan  of 
intellectual  cultivation  must  be  modified,  the  one  essential  condition 
being  kept  in  vievv^ — that  of  controlling  the  passions  and  cultivating 
the  social  virtues;  in  order  to  fulfil  this  condition,  certain  studies  must 
always  be  insisted  on  as  essential  to  a  liberal  education;  the  relations  of 
man  to  his  Creator  must  obviously  be  the  first  of  these,  and  all  those 
that  tend  to  repress  our  self-sufficiency  and  presumption,  and  to  increase 
our  charity  towards  other  beings;  but  the  means  for  inculcating  these 
feelings,  and  for  maturing  our  conceptions  of  these  relations,  may  vary,  and 
have  varied  greatly;  the  increasing  difficulty  of  providing  for  our 
physical,  and  of  gratifying  our  acquired  wants,  has  compelled  us  to 
study  with  greater  attention  the  qualities  of  the  material  universe,  and 
has,  comparatively,  withdrawn  the  mind  from  those  reflections  on  its 
own  operations,  which  solicited  it  in  times  when  man  had  more 
leisure  for  speculation,  and  less  necessity  for  action.  Fortunately,  this 
inevitable  change  in  the  direction  of  our  pursuits  is  favourable,  as  we 
shall  endeavour  to  show,  to  the  paramount  object  we  have  alluded  to. 

In  impugning  the  efficiency  of  mathematics  as  a  means  of  intellec- 
tual culture,  an  arbitrary  limit  to  that  science  has  been  assumed,  which 
is  not  admitted  by  its  advocates,  and  is  grounded,  as  we  think,  on  an 
erroneous  conception  of  the  distinction  between  pure  and  mixed  mathe- 
matics.    We  shall  first  comment  on  the  limitation  alluded  to. 

"  In  the  first  place,  it  is  wholly  beyond  the  domain  of  mathematics  to 
inquire  into  the  origin  and  nature  of  their  principles.  Mathematics,  as  Plato 
and  Proclus  observe,  are  founded  on  hypotheses  of  which  they  can  render  no 
account.  The  geometer  (says  Aristotle)  can  attempt  no  discussion  of  his 
principles ;  and  Seneca  observes  that  mathematical  is  a  superficial  science,  it 
builds  on  a  borrowed  site,  and  the  principles,  by  aid  of  which  it  proceeds,  are 
not  its  own :  philosophy  begs  nothing  from  another ;  it  rears  its  oum  edifice 
from  its  own  soil.  These  authorities  represent  the  harmonious  opinion  of 
philosophers  and  mathematicians  of  ancient  and  modern  times." — (Edinb. 
Review,  No.  126,  p.  415.) 

Now  we  vi'ould  ask  any  one  who  does  not  insist  on  nice  subtilties, 
whether  the  processes  of  the  mind,  by  which  we  arrive  at  those  abstrac- 
tions absolutely  necessary  to  the  study  of  mathematics  in  every  stage, 
may  not  be  fairly  considered  as  pertaining  to  its  domains?  The  ideas  of 
space.,  qiiantily,  ratio^  limit,  force.,  inolion.,  time,  &c.,  require  the  most 
strenuous  intellectual  effi^rt  to  grasp,  yet  they  must  be  rightly  conceived 
by  every  mathematician  from  an  early  period  of  his  study;  surely  it  is 
unfair  to  require  that  he  should  do  so,  and  yet  deny  him  the  right  of 
reasoning  on  them?  Tliey  must  certainly  be  regarded  as  forming  an 
integral  part  of  that  science,  if  the  notions  of  fate,  necessity,  evil,  ta.ste, 
beauty,  &c.,  be  considered  as  belonging  to  the  domain  of  ethical.  It  is 
useless,  in  a  question  of  practical  bearing,  to  insist  on  any  strict  boundary 
to  different  sciences,  if  one  study  absolutely  necessitates  "  an  inroad  into 
the  province  of  another,"  it  must  be  regarded  as  an  additional  recom- 
mendation of  the  former,  by  every  one  advocating  diversity  of  intellec- 
tual pursuits. 
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"  But  as  for  operating  according  to  rules,  and  by  the  help  of  general 
forms,  whereof  the  original  principles  and  reasons  are  not  understood,  this  is 
to  be  esteemed  merely  technical.  Be  the  principles  ever  so  abstract  and 
metaphysical,  they  must  be  studied  by  whoever  would  comprehend  the  doc- 
trine of  Fluxions.  Nor  can  any  geometer  have  a  right  to  apply  the  rules  of 
the  great  author,  without  first  considering  the  metaphysical  notions  whence 
they  are  derived." — ( The  Analyst,  $  xlvii.) 

The  distinction  between  pure  and  mixed  mathematics  consists  in 
this, — the  latter,  in  addition  to  the  abstractions  of  the  pure  science,  involve 
the  results  of  experiments  and  observations  on  the  qualities  of  matter, 
whicli,  of  course,  do  not  enter  into  the  former,  but  which  must  be  made 
the  basis  of  our  deductions  in  the  mixed  science.  Mechanics^  as  inves- 
tigating the  simple  laws  of  motion  deduced  from  arbitrary  hypothesis,  is 
a  branch  of  pure  mathematics,  though  the  notions  of  cause  and  effect,  of 
force  and  inertia  are  necessary  to  the  comprehension  of  those  laws;  but 
when  we  have  to  take  into  consideration  the  effects  of  graxnty,  friction, 
elasticity,  jluidity,  &c.,  which  can  only  be  ascertained  by  observation,  the 
sciences  which  embrace  these  results,  such  as  physical  astronomy,  hydro- 
dynamics, the  theories  of  sound  and  light,  &c.,  are  mixed,  yet  they  are  still 
essentially  mathematical,  because  the  general  expressions  which  embody 
their  laws  can  only  be  obtained  by  pure  mathematical  investigations. 

"  Observation  upon  the  phenomena  of  the  natural  world  soon  leads  us 
to  the  conclusion,  that  the  changes  which  we  observe  taking  place  around  us 
are  not  fortuitous,  but  closely  connected  with  some  previously-existing  con- 
ditions. We  thus  arrive  at  the  notion  of  the  connexion  between  cause  and 
eflfect ;  and  whatever  metaphysical  diificulties  there  may  be  in  conceiving  the 
nature  of  such  a  connexion,  its  existence  is,  in  many  instances,  a  fact, 
established  by  constant  and  invariable  experience.  Some  of  the  changes 
thus  produced  may  be  of  such  a  nature,  that  their  mutual  I'elation  is  capable 
of  being  expressed  by  that  which  one  abstract  quantity  bears  to  another;  and 
when  this  is  the  case  the  phenomenon  is  brought  within  the  scope  of  mathe- 
matical reasoning,  and  constitutes  a  part  of  that  extensive  branch  of  physical 
science,  denominated  mixed  or  applied  mathematics. 

"  The  two  branches  of  mathematical  study  thus  intimately  united  com- 
prise the  whole  body  of  demonstrative  science :  and  I  include  them  both  as 
subjects  of  our  present  inquiry,  not  for  the  purpose  of  eluding  an  accusation 
against  the  utility  or  importance  of  mathematical  study,  but  because  I  know 
of  no  instance,  in  which  the  study  of  pure  mathematics  is  exclusively  pursued, 
as  a  part  of  a  liberal  education ;  and  because  such  a  view  of  the  question  is 
in  strict  accordance  with  the  history  and  progress  of  mathematical  science. 
As  the  natural  philosopher  has  accumulated  his  observations,  and  recorded 
his  results,  he  has  called  in  the  aid  of  the  geometer  and  the  analyst,  to 
reconcile  apparent  inconsistency,  to  give  coherence  to  isolated  facts,  to 
ascend  by  induction  from  numerous  individual  examples  to  some  one  great 
originating  cause." — (Chevallier  on  the  Study  of  Mathematics,  pp.  8,  9.) 

It  should  seem  from  the  tenour  of  the  objections  urged  against  the 
science,  that  its  opponents  wish  to  confine  the  term  mathematics  to  those 
elementary  branches,  during  the  attainment  of  which  the  mind  is  only 
engaged  witli  abstract  hypotheses,  or  with  conventional  symbols.  If  the 
question  under  discussion  were  confined  to  the  utility,  as  an  exclusive 
study,  of  the  science  thus  limited;  it  would  be  soon  settled  by  the  admis- 


86 


THE  STUDY  OP  MATHEMATICS. 


sion  of  most  of  the  objections  urged  against  it;  and  then  we  know  none 
that  would  not  equally  apply  to  theoretical  logic,  or  to  any  other  speculative 
science,  when  made  an  exclusive  study.  But  a  knowledge  of  these 
elements  alone,  no  more  constitutes  that  of  the  science,  than  an  acquaint- 
ance with  the  accidence  of  a  language  entitles  a  person  to  consider 
himself  as  master  of  it,  without  his  having  acquired  its  idiom,  and  being 
able  to  speak,  or  at  least  to  read  it;  no  one  capable  of  carrying  his 
attainments  further  ever  was  contented  to  stop  at  this  outset,  or  at  least 
ever  to  regard  his  acquisitions  otherwise  than  merely  as  a  means  of 
obtaining  real  knowledge  if  he  thought  fit  to  employ  them. 

It  might  have  been  expected  that  the  anti-mathematicians  would 
have  been  more  explicit  in  stating  what  are  the  studies  which  they  intend 
to  contrast  with  that  science,  as  more  favourable  to  the  culture  of  the 
intellectual  faculties;  the  assumed  term  philosophy  is  unmeaning,  and 
little  preferable  to  that  of  humanities,  by  which  these  studies  are  desig- 
nated in  certain  universities.  We  may  concisely  class  all  studies  under 
one  or  other  of  these  heads: — Physics,  comprehending  every  science 
which  has  matter  or  its  attributes  for  its  object :  Ethics,  taken  simply  as 
a  general  term,  to  comprise  the  various  phases  under  which  mind  and  its 
operations  may  be  contemplated.  Physics  are  naturally  divided  into 
mathematics,  having  magnitude  and  quantity,  with  the  derivative  con- 
ceptions of  motion,  time,  &c.,  abstracted  from  all  considerations  of  matter 
for  its  subjects:  chemistry,  by  which  the  mutual  actions  of  inorganic 
matter  are  ascertained  and  illustrated:  and  nattiral  history,  including 
every  study  which  has  the  organic  creation  for  its  subject*. 

Mathematics  and  logic  have  been  considered  as  having  a  certain 
analogy ;  both  are  conversant  about  assumed  hypotheses,  both  may  be 
acquired  without  reference  to  the  external  world,  except  for  illustrations; 
at  all  events  both  are  become  associated  in  our  minds,  by  their  being 
made  the  primary  studies  at  our  two  universities:  there  is,  however,  in 
addition  to  many  others,  this  striking  difference, — the  former  can  only  be 
acquired  by  long  study  and  application,  and  they  must  be  acquired,  if  we 
intend  to  arrive  at  a  sound  knowledge  of  physical  sciencet;  while  on  the 
contrary  we  acquire  the  practice  of  logic  intuitively  with  the  progressive 
exercise  of  our  reason,  from  the  commencement  of  our  intellectual  cul- 
ture, much  in  the  same  way  as  we  learn  to  walk  before  we  know  what 
the  "  centre  of  gravity"  means,  or  are  convinced  of  the  necessity  for 
bringing  it  over  the  basis  of  our  feet  if  we  intend  to  stand  firmly. 


•  The  candid  reader  will  at  once  see  that 
this  division  of  sciences  is  only  adopted  to 
simplify  our  argument,  and  that  we  are 
aware  of  its  insufficiency  for  any  other  pur- 
pose. For  a  valuable  dissertation  on  this 
subject  he  may  refer  to  the  introductory 
discourse  on  the  progress  of  Ethical  Sci- 
ence, by  Mr.  Dugald  Stewart,  prefixed  to 
the  Supplement  to  the  Ency.  Britannica, 

"t-  The  accurate  study  of  pure  mathe- 
matics is  the  only  foundation  upon  which 
a  solid  superstructure  of  natural  philoso- 
phy can  be  built.  And  all  attempts  effec- 
tually  to   supply   the   want   of    sufficient 


mathematical  knowledge  by  mere  popular 
explanation,  or  by  intentionally  couching 
the  expression  of  physical  facts  in  language 
which  appears  to  be  familiar,  while  it  is 
only  ambiguous,  must  fail  to  accomplish 
their  purpose.  From  the  time  of  Archi- 
medes to  the  present  day,  no  royal  road 
has  been  discovered  into  the  distant  regions 
of  mathematical  and  physical  science. 
They  who  would  reach  the  goal  must 
encounter  the  fatigue:  they  who  would 
win  the  crown,  must  descend  into  the 
arena,  and  gird  themselves  manfully  to 
the  conflict. — {Chevallter,  p.  15.) 
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That  this  is  a  just  view  of  the  practical  value  of  logic  as  a  science, 
is  shown  by  the  general  neglect  of  it  by  those  who  have  not  received  an 
university  education;  certainly  an  acquaintance  with  it  may  enable 
us  more  readily  to  expose,  or,  perhaps,  avoid  false  reasoning;  yet  we  are 
not  the  less  conscious  of  its  existence,  although  we  may  never  have 
heard  of  continge?it  and  necessary  matter,  nor  of  the  eleven  moods,  and 
may  not  be  able  to  point  out  an  undistributed  middle  term,  or  an  illicit 
process.  We  are  far  from  undervaluing  logic  as  a  science,  or  its  interest 
to  every  one  who  reflects  on  the  processes  of  thought;  but  the  world,  by 
its  neglect  of  it,  has,  in  a  great  measure,  decided  on  its  inutiHty  as  a  guide 
to  our  reasoning  powers. 

This  relative  estimation  of  the  two  studies  is  further  manifested  by 
the  increasing  proportion  of  students  who  go  to  Cambridge  in  preference  to 
Oxford:  at  the  end  of  the  last  century  the  numerical  superiority  was 
greatly  in  favour  of  the  last  named  university,  while  at  the  present  time 
Cambridge  boasts  of  an  absolute  majority  of  300  members  in  5500,  and 
has  received  an  accession  of  seventy  odd  since  last  year.  Let  us  here 
adduce  a  testimony  of  no  mean  weight,  both  as  coming  from  a  scholar  of 
Oxford,  and  from  one  of  the  first  logicians  of  the  day. 

"  It  was  doubtless  from  a  strong  and  deliberate  conviction  of  the  advan- 
tages, direct  and  indirect,  accruing  from  an  acquaintance  with  logic,  that  the 
university  of  Oxford,  when  remodelling  their  system,  not  only  retained  that 
branch  of  study,  but  even  assigned  a  prominent  place  to  it,  by  making  it  an 
indispensable  part  of  the  examination  for  the  first  degree.  This  last  circum- 
stance, however,  has,  I  am  convinced,  produced  an  eflfect  opposite  to  what  was 
designed.     It  has  contributed  to  lower,  instead  of  exalting  the  estimation  of 

the  study it  might  have  been,  and  doubtless  was,  expected  that  a 

majority,  at  least,  of  successful  candidates  would  derive  some  benefit  worth 
mentioning  from  their  logical  pursuits ;  and  that  a  considerable  proportion  of 
the  distinguished  candidates  would  prove  respectable  if  not  eminent  logicians. 
Experience  has  shown  that  these  expectations  have  been  very  inadequately 
realized.  The  truth  is  that  a  very  small  proportion  even  of  distinguished 
students,  ever  become  proficients  in  logic,  and  that  by  far  the  greater  part 
pass  through  the  university  without  knowing  anything  at  all  of  the  subject. 
I  do  not  mean  that  they  have  not  learned  by  rote  a  string  of  technical  terms ; 
but  that  they  understand  absolutely  nothing  whatever  of  the  principles  of  the 

science Permission  is  granted  to  such  as  are  candidates  merely  for 

a  testimonial, -to  substitute  for  logic  a  portion  of  Euclid.  I  fear,  however, 
that  little  or  nothing  will  be  gained  by  this;  unless  indeed  the  examiners 
resolve  to  make  the  examinations  in  logic  far  stricter  than  those  in  Euclid, 
For  since  every  one  who  is  really  capable  of  understanding  Euclid  must  be 
also  capable  of  logic,  the  alteration  does  not  meet  the  case  of  those  whose 
inaptitude  for  science  is  invincible, — those  who  are  physically  incapable  of 
scientific  reasoning,  and  the  far  greater  number  who  fancy  themselves  so, — 
all  these  will  be  likely,  when  the  alternative  is  proposed,  to  prefer  logic  to 
Euclid;  because  in  the  latter  it  is  hardly  possible,  as  in  logic,  to  present  the 
semblance  of  preparation  by  learning  questions  and  answers  by  I'ote,  in  the 

cant  phrase   of  undergraduates, — by  getting  crammed those   most 

averse  to  science,  or  incapable  of  it,  are  almost  always  found  to  prefer  logic." 
— (Archbishop  Whately's  Preface  to  his  Elements  qjf  Logic.) 

"  In  practice,  logic  is  more  a  trick  than  a  science,  formed  rather  to  amuse 
than  instruct.     And  in  some  sort  we  may  apply  to  the  art  of  syllogism  what 
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a  man  of  wit  (Butler)  observed  of  rhetoric, '  that  it  only  Idh  us  how  to  name 
those  tools  which  nature  hod  before  put  into  our  hands,  and  habit  taught  the 
use  o/".'" — (Warburton,  Preface  to  Julian.) 

These  avowals,  combined  with  the  fact  of  the  increasing  popularity 
of  the  Cambridge  system  of  study,  form,  we  think,  a  fair  ground  for  pre- 
suming that  "  the  revolutionary  tendency  in  popular  opinions,  regarding 
the  objects,  and  the  end  of  education,  which,  in  this  nation  at  least,  is 
becoming  daily  more  and  more  obtrusive, — the  extended  study  of  mathe- 
matics being  that  mainly  proposed  in  lieu  of  the  ancient  branches  of 
discipline,  which  our  innovators  would  retrench,"  owes  its  rise  to  an 
increasing  perception  of  the  relative  merits  of  the  two*. 

The  reviewer  in  support  of  his  opinions  cites  those  of  several 
celebrated  persons,  tending  to  prove  the  narrow,  or  "  one-sided"  kind  of 
intellectual  culture  received  from  mathematical  study;  it  is  remarkable, 
after  his  careful  researches,  how  little  satisfactory  evidence  he  has  been 
able  to  produce.  After  stating  his  intentions  of  adducing  the  opinions  of 
mathematicians  themselves,  of  four  from  whose  works  passages  are 
selected,  D'Alembert  and  Pascal  are  the  only  ones  of  mathematical  cele- 
brity; the  others  being  Berkeley  and  S'Gravcsande.*  Let  us  briefly 
examine  what  is  the  substance  of  their  allegations. 

"  It  seems  as  if  great  mathematicians  ought  to  be  excellent  metaphy- 
sicians, at  least  upon  the  objects  about  which  their  own  science  is  conversant ; 
nevertheless  this  is  very  far  from  being  always  the  case.  The  loitic  of  some 
of  them  is  comprehended  in  their  formulae,  and  does  not  extend  beyond.  The 
case  resembles  that  of  a  man  who  has  the  sense  of  si<rht  contrary  to  that  of 
touch,  or  in  whom  the  latter  of  these  senses  is  only  perfected  at  the  expense 
of  the  former.  These  bad  metaphysicians  in  a  science  in  which  it  is  so  easy 
not  to  reason  wrong,  would  infallibly  be  much  worse,  as  experience  proves,  on 
matters  in  which  they  had  not  the  calculus  for  a  guide." — (D'Alembert's 
Elemtns  de  Philosophie,  as  quoted  in  the  Edinburgh  Review.) 

The  authority  of  such  a  writer  as  D'Alembert  would  have  been  too 
valuable  to  allow  an  active  partisan  to  spare  any  pains  in  obtaining  his 
favourable  evidence;  we  congratulate  the  mathematicians  that  nothing 
more  can  be  wrung  from  him  than  that  there  are  soine  indifferent  meta- 
physicians among  mathematicians;  and  that  if  they  reason  wrongly  in  a 
science  in  which  it  is  difficult  to  do  so,  they  would  reason  much  worse  on 
other  matters. 

It  is  clear  from  the  expressions  of  the  other  witnesses,  that  they  took 
the  same  limited  view  of  the  science  which  the  critic  himself  does.  Thus 
Berkeley  asks,  "  whether  tedious  calculations  in  algebra  and  fluxions  be 
the  likeliest  method  to  improve  the  mind;  and  whether  men's  being 


*  How  is  the  reviewer  justified  in  assert- 
ing that  the  "  university  of  Cambridge 
restricts  to  the  narrowest  (mathematical) 
proficiency,  all  places  of  distinction  and 
emolument  to  which  such  honours  consti- 
tute a  claim; — thus  also  leaving  the  im- 
mense majority  of  its  alumni  without 
incitement,  and  the  most  arduous  and 
important  studies  without  encouragement 
and  reward  ?" 

There  are  a  number  of  prizes  of  books, 
medals,    money,    amounting  in  value   to 


about  1300/.  annually  distributed  as  in- 
centives to  exertion,  three-fourths  being 
given  for  classical  attainments  and  Eng- 
lish composition,  and  the  remaining  fourth 
for  mathematical  skill.  The  colleges  dis- 
tribute in  addition  about  600/.  more  in  the 
same  form  among  their  scholars;  two- 
thirds,  we  believe,  of  which  is  given  to 
encourage  classical  literature.  It  is  not 
tlie  value,  but  the  proportion  of  the  distri- 
bution to  which  we  call  attention. 
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accustomed  to  reason  altogetlier  about  mathematical  signs  and  figures 
dotli  not  make  them  at  a  loss  how  to  reason  without  them."  We  would 
ask  of  any  one  conversant  Avith  more  than  the  solution  of  a  simple  equa- 
tion, whether  the  train  of  reasoning  by  which  the  mind  arriyes  at  right 
notions  of  limiting  ratios,  of  imaginary  quantities,  and  of  the  relative 
advantages  of  employing  the  idea  of  motion,  or  the  doctrine  of  infinitesi- 
mals, in  explanation  of  the  higher  analysis,  can  be  considered  as  nothing 
but  reasoning  about  signs  and^gures. 

Berkeley  himself,  in  the  same  work,  (the  Analyst^)  among  his  queries 
proposes  also  the  following:  "  Whether  ever  since  the  recovery  of  mathe- 
matical learning,  there  have  not  been  perpetual  disputes  and  controversies 
among  mathematicians?  and  whether  this  does  not  disparage  the  evidence 
of  their  methods?"  Is  not  this  an  admission  that  something  more  than 
mere  necessary  truths  and  conventional  symbols  enter  into  mathematics? 
for,  according  to  the  essential  character  of  these,  they  can  admit  of  no 
dispute. 

"  How,  in  a  science  to  which  the  merit  of  exactitude  is  generally  attri- 
buted, can  it  arise,  that  men  of  the  highest  talent  are  divided  in  opinion  ? 
The  reason  is,  that  in  problems,  the  solution  of  which  cannot  be  submitted  t ) 
conclusive  experiment,  besides  the  part  of  calculation,  subjected  to  rigorous 
laws,  and  on  which  there  cannot  be  two  opinions,  there  exists  another,  a 
metaphysical  part,  which  is  productive  of  doubt  and  obscurity." — {Memoir-  on 
La  Grange,  by  Delambre.) 

The  reader  will  be  surprised  when  he  learns  who  are  the  other 
authors  whose  testimonies  against  mathematics  are  quoted  with  exulta- 
tion in  the  Review.  Sir  Kenelm  Digby,  Sorbiere,  Clarendon,  Le  Clerc, 
Budseus,  Barbeyrac,  Basedow,  Walpole,  AVarburton,  Gibbon,  Kirwan,  and 
Madame  de  Stael,  form  the  phalanx;  it  is  not,  of  course,  by  the  celebrity 
or  obscurity  of  the  writers  that  the  value  of  their  arguments  are  to  be 
measured,  but  we  object,  in  a  great  measure,  to  any  individual  opinion 
on  such  a  subject,  when  we  take  into  consideration  the  natural  bias  we 
all  feel  to  underrate  those  acquirements  we  do  not  ourselves  possess;  we 
should  listen  with  equal  suspicion  to  an  encomium  on  mathematics  from 
Newton,  Euler,  D'Alembert,  or  La  Place,  as  to  any  strictures  on  them 
from  philologists,  jurists,  or  poets;  accordingly,  when  we  examine  the 
evidence  brought  into  court  by  our  opponent,  we  find  that  it  either  owes 
its  colouring  to  this  principle,  or  that  it  merely  represents  the  inefficiency 
of  any  one  study  fully  to  develop  all  the  intellectual  faculties, — a  propo- 
sition concerning  which  there  was  no  dispute. 

Sir  K.  Digby  says,  "  It  hath  been  generally  noted  that  the  exactest 
mathematicians  have  seldom  proved  eminent  in  metaphysics  or  specu- 
lative divinity;  nor,  again,  the  professors  of  these  sciences  in  the  other 
arts;"  which  is  merely  saying  that  it  is  not  common  for  the  same  indi- 
vidual to  excel  in  two  arduous  studies.  Clarendon  is  cited  as  mentioning 
that  the  Earl  of  Leicester  was  addicted  to  the  mathematics,  and  that 
they  failed  to  make  him  either  a  good  soldier  or  a  profound  politician! 
We  much  question  whether  the  noble  earl  was  even  a  decent  arithme- 
tician in  addition  and  subtraction.  Le  Clerc  sagaciously  observes  that 
if  mathematicians  "  apply  the  rules  of  their  science  to  judge  of  the 
administration   of  public   or  private  ail'airs,  they  would  arrive  at    the 
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most  absurd  conclusions."  What  useful  deduction,  bearing  on  the  argu- 
ment, can  be  made  by  the  reviewer,  from  the  fact  that  Gibbon  Avas 
averse  to  mathematical  study,  and  abandoned  it  at  an  early  period,  to 
follow  those  pursuits  for  which  he  felt  a  more  decided  vocation?  Surely 
this  "  multiplying  of  arguments,  especially  frivolous  ones,  such  as  are 
all  that  are  merely  verbal,  is  not  only  lost  labour,  but  cumbers  the 
memory  to  no  purpose,  and  serves  only  to  hinder  it  from  seizing  and 
holding  the  truth*." 

This  vocation,  this  bias  of  the  mind  towards  any  one  line  of  study, 
is  the  result,  we  may  conclude,  of  the  greater  energy  of  that  class  of 
faculties  which  are  most  exerted  in  those  studies;  whenever  this  bias 
is  thwarted,  results  may  be  expected  unfavourable  to  the  full  deve- 
lopment of  the  intellect;  and  is  it  not  probable  that  most  of  those 
irregularities,  or  eccentricities,  which  manifest  themselves  in  the  minds 
of  men,  are  the  consequences  of  this  violence?  We  have  already 
hinted  that  the  intellectual,  like  the  bodily,  constitution,  is  in  a  great 
measure  formed  anteriorly  to  any  artificial  culture  by  systematic  educa- 
tion; when,  owing  to  favourable  circumstances,  the  individual  is  enabled 
to  follow  the  "bent  of  his  genius,"  as  it  is  popularly  termed,  though  he 
may  excel  in  one  pursuit  only,  yet,  from  having  undergone  no  pre- 
judicial check,  his  mind  exhibits  all  its  faculties  in  a  healthy  tone  of 
proportional  vigour. 

The  poet  by  nature,  who  from  childhood  yields  to  the  influence  of 
his  imagination,  and  produces  at  maturity  the  "  thoughts  that  breathe, 
the  words  that  bum,"  often  manifests  a  sound  judgment  on  all  topics; 
but  if  that  intellect,  in  which  imagination  was,  from  its  origin,  predomi- 
nant, had  been  forced  from  its  natural  bias,  and  the  born-poet  had  been 
trained  to  be  a  mathematician  or  a  jurist,  might  it  not  be  anticipated 
that  a  one-sidedness  of  mind  would  be  the  result,  which  ought  not  to  be 
attributed  to  the  adopted  study,  quoad  study,  but  to  the  violence,  done 
to  the  faculties?  On  the  other  hand,  when  that  attraction  towards 
mathematical  reasoning  is  felt,  which  induces  the  pursuit  of  the  science 
through  life,  unimpeded  by  mistaken  interference,  an  overwhelming 
number  of  instances  can  be  adduced  to  show  that  the  mind  of  the 
mathematician  is  not  one-sided,  that  he  manifests  genius  in  his  favourite 
pursuit,  and  that  all  his  faculties  are  sound  and  vigorous,  though  in  an 
inferior  degree  to  those,  whatever  they  may  be,  which  are  more  particu- 
larly mathematicalt. 

Let  us  now  proceed  to  examine  the  justice  of  the  charge  brought 


•  Locke,  Condtict  of  the  Understanding, 
sec.  16. 

■f  The  mathematical  reader  will  recall 
to  his  mind  the  purely  metaphysical 
reasoning  of  numberless  writers  on  the 
subject ;  among  many  others,  the  able  work 
of  the  late  R.  Woodhouse,  on  the  Prin- 
ciples of  Analytical  Calculation,  would 
alone  convince  any  one  that  profound 
knowledge  of  mathematics  was  not  incom- 
patible with  profound  reasoning  on  other 
topics.  The  series  of  works  lately  pub- 
lished, called  the  Bridgewater  Treatises, 


also  afford  a  pregnant  illustration ;  the 
reasonmg  of  the  mathematical  writers  in 
those  volumes  is  nowise  inferior  to  that 
of  the  naturalists  and  divines,  to  say  the 
least  of  it.  Dr.  Turton,  by  his  recent 
work  on  Natural  Theology,  has  shown  that 
mathematical  knowledge  of  the  highest 
kmd  does  not  impede  the  attainment  of 
critical  and  metaphysical  learning  rarely 
equalled;  while,  to  the  varied  and  exten- 
sive knowledge  of  Mr.  Whewell,  the  Re- 
viewer bears  a  generous  and  ample  testi- 
mony. 
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against  mathematics,  in  the  following  quotation  from  Warhurton,  as 
given  in  the  Review,  and  we  copy  it  entire,  because  the  special  pleading 
throughout  the  article  is  but  an  amplification  of  this  eloquent  passage. 

"  It  may  seem,  perhaps,  too  much  a  paradox  to  say,  that  long  habit  in 
this  science  incapacitates  the  mind  for  reasoning  at  large,  and  especially  in 
the  search  for  moral  truth.  And  yet,  I  believe,  nothing  is  more  certain. 
The  object  of  geometiy  is  demonstration,  and  its  subject  admits  of  it,  and  is 
almost  the  only  one  that  doth.  In  this  science,  whatever  is  not  demonstra- 
tion is  nothing,  or  at  least  below  the  sublime  inquirer's  regard.  Probability, 
through  its  almost  infinite  degrees  from  simple  ignorance  up  to  absolute 
certainty,  is  the  terra  incognita  of  the  geometrician.  And  yet  here  it  is  that 
the  great  business  of  the  human  mind  is  carried  on ; — the  search  and  dis- 
covery of  all  the  important  truths  which  concern  us  as  reasonable  creatures. 
And  here,  too,  it  is  that  all  its  vigour  is  exerted ;  for  to  proportion  the  assent 
to  the  probability  accompanying  every  varying  degree  of  moral  evidence, 
requires  the  most  enlarged  and  sovereign  exercise  of  reason.  But  the  harder 
the  use  of  anything,  the  more  of  habit  is  required  to  make  us  perfect  in  it. 
Is  it  then  likely  that  the  geometer,  long  confined  to  the  routine  of  demon- 
stration, the  easiest  exercise  of  reason,  where  much  less  of  the  vigour  than 
the  attention  of  mind  is  required  to  excel,  should  form  a  right  judgment  on 
subjects,  whose  truth  or  falsehood  is  to  be  rated  by  the  probabilities  of  moral 
evidence?" — (Preface  to  Julian.') 

We  have  already  protested  against  the  arbitrary  limitation  of  mathe- 
matics to  those  elementary  branches,  during  the  study  of  which  the  mind 
is  only  engaged  with  necessary  truths,  and  conventional  symbols;  we 
should  not,  however,  conceive  ourselves  entitled  to  extend  its  boundaries 
indefinitely,  if  we  could  not  show  that  its  cultivation  inevitably  leads 
to  that  of  other  sciences.  If  the  philologist,  in  tracing  the  origin  of 
languages,  is  led  to  study  the  political  and  social  history  of  nations,  and 
must  be  conversant  Avith  many  other  branches  of  ethical  study;  if  the 
metaphysician  and  moral  philosopher  cannot  pursue  their  inquiries 
without  some  knowledge  of  physiology;  so  the  mathematician  must 
become  acquainted  with  most  branches  of  physics  in  the  prosecution  of 
his  pursuits.  Mathematics  do  not  owe  their  existence  to  the  necessity 
for  intellectual  cultivation,  but  were  cultivated  because  they  ultimately 
enabled  men  to  measure  and  weigh  matter  in  its  absolute  reality;  the 
meaning  of  the  term  geometry  reminds  us  of  its  practical  origin  and 
bearing;  it  is  a  strange  fallacy,  therefore,  that  treats  the  speculative 
science  as  complete  in  itself,  and  independent  of  the  material  world.  The 
mathematician  becomes  acquainted  with  most  branches  of  physical 
science,  because  he  cannot  well  master  the  speculative  part  without  con- 
stantly applying  his  deductions  to  real  or  assumed  cases.  If  geometry 
be  imagined  to  OAve  its  origin  to  the  necessity  for  restoring  land-marks, 
effaced  by  the  overflowing  of  the  Nile,  it  is  notorious  that  the  higher 
analysis  owes  its  maturity,  if  not  its  existence,  to  the  inadequacy  of 
geometry  to  investigate  the  laws  of  planetary  motion. 

The  mathematician  feels  that  the  definitions  on  which  his  deductions 
are  based  have  no  existence,  but  are  pure  abstractions  of  his  own  mind; 
and  only  constitute  a  scaffolding,  a  frame-work,  on  which  he  must  com- 
bine into  comprehensive  theorems  the  isolated  facts  to  be  derived  from 
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the  material  world  around  him.  Accordingly  he  strives  onward  till  he 
reaches  the  palpable, — till  he  can  apply  his  abstractions  to  what  passes 
independent  of  him.  The  metaphysician,  on  the  contrary,  cannot  travel 
out  of  his  ovni  mind,  he  has  nothing  extrinsic  M'ith  which  he  can  test 
the  justice  of  his  conclusions,  his  is  the  fruitless  endeavour  of  the  eye 
striving  to  contemplate  itself  without  something  to  reflect  its  image. 

"  Mixed  mathematics  are  primarily  dependent  on  the  extent  and  accu- 
racy of  our  scrutiny  into  nature,  after  which  their  further  advancement  is 
limited  only  by  the  degree  of  perfection  to  which  the  pure  are  carried.  But 
to  a  very  moderate  proi2:ress  in  the  former  a  very  perfect  knowledge  of  the 
latter  is  requisite.  The  laws  of  nature  are,  for  the  most  part,  simple  in 
themselves,  but  the  circumstances  under  which  they  act,  induce  a  complica- 
tion in  their  agencies  which  calls  at  once  for  the  most  powerful  exertions  of 
natural  reason,  and  the  most  refined  artifices  of  practised  ingenuity  to  develop. 
Combinations  are  perpetually  presenting  themselves  when  the  principles  are 
satisfactorily  known, — the  general  laws  placed  beyond  a  doubt, — the  mode  of 
applying  mathematical  investigation  thoroughly  understood, — yet  which,  by 
the  mere  complication  of  the  pure  mathematical  inquiries  they  involve,  defy 
the  utmost  powers  of  calculation.  The  restless  activity  of  Nature  surrounds 
us  with  minute  phenomena  of  this  kind ;  the  motions  and  equilibrium  of 
fluids,  their  capillary  attractions,  the  vibrations  of  the  atmosphere  of  solid 
bodies,  every  breath  of  wind  that  blows,  every  mote  that  sparkles  in  the  sun- 
beam, supplies  us  with  an  instance  in  point.  On  a  wider  scale,  the  law  of 
gravitation,  modified  by  the  consideration  of  three  gravitating  bodies  in 
motion,  produces  a  problem  which  has  resisted  every  effort  of  ingenuity  and 
industiy,  stimulated  by  the  stron^rest  motives  which  can  excite  men  to  exer- 
tion.— (Sir  John  Herschel,  art.  Mathematics  in  Brewster^s  Encyclopcedia.) 

It  is  to  celebrated  mathematicians  accordingly  that  we  are  principally 
indebted  for  our  extended  knowledge  of  the  material  world.  Young, 
Herschel,  Arago,  Fresnel,  and  many  others  whom  we  could  name,  hare, 
by  maturing  the  theory  of  light  alone,  done  as  much  towards  enlarging 
our  minds,  and  instilling  new  and  imposing  ideas,  as  was  ever  accom- 
plished by  the  metaphysician  in  his  endeavours  to  illustrate  our  mental 
operations ;  that  mind  must  indeed  be  obscured  and  prejudiced  by  the 
scholastic  discipline  of  exclusive  universities,  which  can  underrate  the 
moral  effect  of  the  recent  researches  on  heat,  magnetism,  &c.,  as  instituted 
by  Leslie,  Barlow,  Melloni,  &c.,  in  short,  there  is  not  a  modern  discovery 
in  physics  which  we  do  not  owe  to  a  mind  necessarily  trained  in  mathe- 
matical reasoning.  The  characteristic  of  mathematical  reasoning, — that 
of  being  a  successive  chain  of  deductions  from  assumed  principles,  forces 
itself  so  constantly,  and  so  obtrusively  on  the  mind,  that  we  confidently 
assert,  mathematicians,  better  than  most  others,  can  appreciate  and  under- 
stand the  force  of  moral  evidence  and  probability;  since  it  must  he 
allowed  that  he  who  can  institute  a  comparison  between  two  species  of 
conceptions,  is  more  likely  to  rectify  both,  than  he  who  has  only  one 
present  to  his  mind.  The  learner,  when  for  the  first  time  he  comprehends 
the  demonstration  of  a  problem  in  Euclid,  attains  a  conception  of  the 
limit,  to  use  a  mathematical  phrase,  to  the  "  infinite  chain  of  probability," 
and  can  appreciate  the  force  of  any  link,  by  at  once  perceiving  its  relation 
to  that  limit.  The  politician,  or  the  man  of  the  world,  who  knows  no 
other  than  moral  probability  as  a  ground  for  conviction,  is  more  liable  to 
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appreciate  at  an  equal  value  different  evidence  of  this  nature,  unless  he  is 
convinced,  like  the  geometrician,  that  there  are  "  empirical  facts"  and 
"  necessary  matter." 

"  The  study  of  mathematics  would  show  them  the  necessity  there  is  in 
reasoning,  to  separate  all  the  distinct  ideas,  and  see  the  habitudes  that  all 
those  concerned  in  the  present  inquiry  have  to  one  another,  and  to  lay  by 
those  which  relate  not  to  the  proposition  in  hand,  and  wholly  leave  them  out 
of  the  reckoning.  This  is  that  which  in  other  subjects  besides  quantity,  is 
what  is  absolutely  requisite  to  just  reasoning,  though  in  them  it  is  not  so 
easily  observed  nor  so  carefully  practised." — {Conduct  of  the  Understanding, 
sec.  7.) 

We  have  now  to  consider  the  charge  made  against  mathematical 
study,  "that  it  disposes  the  mind  to  one  of  iyfo  opposite  extremes, 
credulity  and  scepticism." 

"  Alienated  by  the  opposite  character  of  their  studies  from  those  habits 
of  caution  and  confidence,  of  skill  and  sagacity,  which  the  pursuit  of  know- 
ledge in  the  universe  of  probability  requires  and  induces,  they  (mathema- 
ticians) are  constrained,  when  they  venture  to  speculate  beyond  their 
diagrams  and  calculations,  on  the  one  hand  to  accept  their  facts,  either  on 
authority  or  on  imagination ;  or,  on  the  other,  to  repudiate  altogether  as 
unreal  what  they  are  themselves  incapable  of  vei'ifying." — {Review,  p.  441.) 

To  substantiate  this  view^  the  writer  quotes  this  passage  from  a 
living  German  metaphysician,  (J.  Sulat).  "  In  so  far  as  the  mathematician 
is  accustomed  to  his  own  mode  of  thinking,  and  ignorant  of  any  other, 
applies,  or  does  not  apply,  it  to  the  supersensible,  what  must  follow? 
In  the  former  case  the  supersensible  world  is  denied,  inasmuch  as  it 
cannot  be  mathematically  demonstrated;  and  in  the  latter,  affirmed 
only  on  the  ground  of  feeling  and  imagination.  Thus  on  the  one 
alternative,  the  mathematician  becomes  necessarily  a  materialist;  on  the 
other,  a  mystic." 

It  is  impossible  to  avoid  the  semblance  of  repetition  in  an  endea- 
vour to  confute  a  series  of  assumptions  based  on  the  same  fallacy. 
Having  denied  the  confined  nature  of  mathematical  pursuits,  and 
having  shown  that  they  necessarily  imply  an  acquaintance  with,  and 
study  of,  the  phenomena  of  the  material  world,  there  exists  no  a  priori 
reason  for  assuming  that  they  have  that  prejudicial  effect  on  the  mental 
faculties  which  it  has  licen  asserted  they  have,  by  those  who  took  an 
erroneous  or  partial  view  of  their  domains.  This  science  has  no  peculiar 
tendency  to  produce  that  defect  in  the  faculty  of  judgment  which  is 
implied  by  credulity,  since  its  cultivation  does  not,  necessarily,  exclude 
that  of  other  modes  of  reasoning,  or  other  intellectual  pursuits,  by  which 
the  judgment  may  be  strengthened  and  habituated  to  the  exercise  of 
caution,  skill,  and  sagacity.  If  by  scepticism  is  meant  only  the  suspension 
of  the  judgment  till  more  evidence  is  brought  forward  by  which  it  may 
be  formed,  this  cannot  be  surely  imputed  as  a  defect  in  the  reasoning 
faculty ;  and  we  trust  that  no  other  meaning  was  covertly  intended, — 
that  recourse  has  not  been  had  to  that  worst  of  controversial  weapons, 
never  employed  by  one  capable  of  wielding  better, — the  endeavour  to 
overwhelm  an  opponent  by  exciting  popular  prejudice  against  him. 

"  Again,  with  respect  to  the  danger  of  scepticism  arising  from  the  use 
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of  mathematical  reasoning,  the  distinction  has  been  beautifully  pointed  out 
between  the  eifects  of  deductive  and  inductive  habits  of  thought*.  Deductive 
habits,  those  acquired  in  drawing  consequences  from  ascertained  laws,  have 
in  themselves  no  tendency  to  direct  the  mind  towards  the  contemplation  of 
a  Supreme  intelligence.  Whereas  inductive  habits,  those  which  are  matured 
by  ascending  from  effects  towards  their  causes,  by  discovering  laws  previously 
unknown,  have  ever  been  found  in  union  with  a  disposition  to  view  the  great 
phenomena  of  the  universe,  in  connexion  with  one  Supreme  intelligence 
and  will. 

"  The  seat  of  unbelief  is  usually,  indeed,  not  the  understanding,  but  the 
heart.  It  is  unhappily  true,  that  the  highest  attainments  in  all  branches  of 
philosophy  and  literature  have  not  been  incompatible  with  vague  or  false 
views  of  religion.  But  surely  it  is  not  necessary  seriously  to  confute  an  argu- 
ment, which  would  discourage  the  study  of  anatomy,  because  some  distin- 
guished anatomists  have  been  suspected  of  materialism ;  which  would  pro- 
scribe natural  history,  because  some  of  the  most  attentive  observers  have 
weakly  regarded  all  the  phenomena  of  life  as  the  results  of  unconscious 
organization;  and  banish  mathematics,  because  some  of  those  who  have 
cultivated  them  with  success  have  reasoned  ill,  or  decided  falsely  upon 
questions  of  the  highest  importance. 

"  All  the  sciences  may  be  made  the  hand-maids  of  religion.  And  of 
these  the  severe  science  of  mathematics,  as  applied  to  investigate  the  pheno- 
mena of  the  natural  world,  has  ever  occupied  an  honourable  and  prominent 
place." — {Chevallier,  pp.  34,  35.) 

Whatever  may  have  been  the  reviewer's  intention,  it  is  obvious  to 
all  impartial  persons,  that  his  zeal  has  hurried  him  into  a  violation  of 
sound  reasoning;  the  tendency  of  one  pursuit  cannot  be  to  generate  two 
opposite  defects  in  minds  similarly  constituted:  if  both  these  defects  be 
generated  in  minds  pursuing  the  same  study,  it  is  to  the  result  of  the  con- 
stitution of  the  minds  engaged  on  that  pursuit,  and  not  to  the  pursuit 
itself,  that  the  evil  is  to  be  attributed.  From  what  we  have  already 
urged  it  may  be  conceded,  that  if  a  mind,  not  naturally  endowed  with  a 
sound  faculty  of  judgment,  be  by  circumstances  trained  to  mathematical 
studies,  the  result  may  be  credulity.  The  fact  is,  credulity  and  scepticism 
ought  not  to  have  been  brought  into  opposition;  they  are  not  results  of 
different  degrees  of  one  intellectual  faculty, — imagination  is  always,  more 
or  less,  at  the  bottom  of  the  former.  A  person  is  not  credulous  because 
he  is  incapable  of  weighing  moral  evidence,  and  deciding  from  the 
balance;  but  he  is  credulous  because  his  fancy  interferes  and  prevents 
his  judgment  alone  from  acting.  Mr.  Dugald  Stewart's  assertion,  that 
"  in  those  who  have  confined  their  studies  to  mathematics  alone,  there 
has  often  been  observed  a  proneness  to  that  species  of  religious  enthu- 
siasm, in  which  imagination  is  the  predominant  element,  and  which,  like 
contagion,  is  propagated  in  a  crowd,"  should  have  been  considered  better, 
before  it  was  cited  in  favour  of  the  tendency  of  mathematics  to  generate 
credulity.  The  temporary  prevalence  of  Simeonism  at  Cambridge,  alluded 
to  by  that  gentleman,  is  not  a  sufficiently  decided  case  in  point  to  have 
much  weight;  it  was  not,  Ave  believe,  any  new  creed  in  religion  and 
morals,  hastily  embraced,  and  propagated  with  that  fanaticism  and  in- 
temperance  that   characterize   those  moral  epidemics,  which   seem  to 

*  Whewell's  Bridgewater  Treatise,  book  iii.,  c.  5,  6. 
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indicate  especial  weakness  of  judgment  among  the  converts.  Mr.  Simeon 
only  advocated  a  more  strict  observance  of  Gospel-ordinances  and  certain 
modifications  of  church  government,  concerning  which  men  of  equally 
sound  minds  and  liberal  education  may  differ  in  opinion :  if  most  of  those 
who  embraced  his  doctrines  were  mathematicians,  that  was  the  necessary 
consequence  of  the  majority  of  students  at  that  university  being  such. 
It  should  have  been  stated  what  was  the  proportion  between  those  Avho 
did,  and  those  who  did  not,  become  converts  to  them;  and  again,  of 
these  two  numbers,  what  proportion  of  each  was  to  be  allotted  to  those 
who  studied  mathematics,  and  to  those  who  pursued  classical  literature. 
Unless  this  statement  were  made,  the  assertion  is  but  a  vague  generality, 
of  no  value  in  such  an  argument. 

"We  think  the  tenour  of  the  following  passage  from  Mr.  Stewart's 
"  Dissertation  on  the  progress  of  Philosophy,"  (Supplement  to  Edinburgh 
Encyclopaedia,)  is  not  exactly  consistent  with  the  conclusion  intended  to 
be  drawn  by  the  reviewer  from  those  he  has  adduced. 

"  Nothing  is  more  interesting  and  instructive  than  to  remark  the  asto- 
nishing combinations  in  the  same  mind,  of  the  highest  intellectual  endow- 
ments with  the  most  deplorable  aberrations  of  the  understanding,  and  even 
in  numberless  instances,  with  the  most  childish  superstitions  of  the  multi- 
tude  Nor  was  the  study  of  the  severer  sciences  on  all  occasions  an 

effectual  remedy  against  such  illusions  of  the  imagination." 

As  the  examples  of  these  deplorable  aberrations  are  taken  from 
divines,  jurists,  and  metaphysicians  *,  the  inference  is,  that  Mr.  Stewart, 
by  "the  severer,"  alluded  to  physical  and  mathematical  sciences,  and 
that  he  considered  them,  generally,  as  an  eflPectual  remedy  for  keeping 
down  the  illusions  of  imagination  by  strengthening  the  faculty  of 
judgment. 

Though  we  do  not  allow  much  weight  to  the  opinion  of  individuals, 
as  to  the  effects  on  the  intellect  of  any  study  in  which  they  either  do  or 
do  not  excel;  we  admit  the  full  force  of  the  evidence  deduced,  both  from 
the  moral  conduct  and  intellectual  cultivation  of  those  celebrated  for  any 
particular  line  of  study,  as  to  the  effect  of  that  study  on  the  mind.  We 
bow  not  to  the  authority  of  Germans  deciding  on  the  inferiority  of 
mathematical  to  classical,  or  metaphysical  studies,  for  forming  the  moral 
constitution,  because  the  nation  is  eminently  unmathematical;  and  yet 
that  which  could  give  birth  to,  and  adopt,  the  speculative  systems  of 
Oken,  Schelling,  GoldbecK,  Fries,  Nees  Yon  Esenbeck,  and  others, — the 
land  of  mesmerism  and  phrenology, — the  country  notorious  beyond  every 
other  for  the  universal  diffusion  of  scepticism,  for  which  they  arrogate 
the  term  rationalism, — cannot,  we  suppose,  be  cited  by  the  anti-mathe- 
matical party  as  having  attained  that  healthy  state  of  intellectual  culti- 
vation, which  the  line  of  studies  pursued  ought  to  have  engendered, 


*  The  reviewer  observes,  triumphantly, 
that  there  are  four  super-eminent  meta- 
physicians, Descartes,  Leibnitz,  Male- 
branche,  and  Locke ;  that  the  last  was 
the  only  one  who  was  not  a  mathema- 
tician, and  yet  how  superior  he  was  to 
the  other  three.  Malebranche  was  so 
little  of  a  mathematician,  that  his  acquire- 
ments in  that  science  are  unknown  to  all 


the  world  but  the  reviewer.  Leibnitz  did 
not  become  a  mathematician  till  he  was 
twenty-three  years  of  age,  and  his  mind, 
it  may  be  supposed,  had  nearly  attained 
its  full  vigour.  Descartes" was  a  genius, 
like  tascal,  and  though  inferior  to  Locke, 
yet  he  was  only  so  in  having  been  born 
considerably  before  him. 
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according  to  its  advocates.  The  fact  is,  imagination  is  the  national 
characteristic  faculty  of  the  Germans,  and  it  will  be  admitted  that,  when 
not  duly  restrained,  this  faculty  is  the  source  of  every  moral  obliquity; 
if  Germany  has  produced  poets,  artists,  musicians,  metaphysicians,  anti- 
quarians, and  philologists  of  a  higher  rank  than  other  contemporary 
nations  in  recent  times,  it  has  also  given  birth  to  more  credulity,  fana- 
ticism, folly,  and  crime. 

The  French,  as  a  nation,  cannot  be  adduced  in  evidence  on  the 
other  side,  because  there  was  till  lately  no  general  intellectual  cultivation 
in  that  country:  but  the  most  inveterate  enemy  of  abstract  science  as  a 
study,  must  admit  that,  as  individuals,  the  S9avans  of  Paris  are  pre- 
eminent for  their  high  moral  and  intellectual  excellence.  D'Alembert's 
virtues  are  universally  allowed;  and  his  contemporaries  and  successors 
in  cultivating  mathematical  studies  are,  almost  without  exception,  exempt 
from  any  stain  on  their  character.  M.  Arago,  in  the  present  day,  is  not 
more  distinguished  for  his  profound  mathematical  and  physical  know- 
ledge, than  for  the  political  influence  which  his  firmness  and  rectitude 
have  obtained  for  him  in  a  country  torn  by  factions.  The  late  Carnot 
offered  to  defend  an  important  fortress  at  a  critical  juncture,  and  Napoleon 
would  have  accepted  his  services.  Condorcet,  whose  literary  decisions 
have  been  pronounced  by  a  competent  authority  as  entitled  to  the  highest 
deference,  was  a  distinguished  mathematician  at  sixteen.  The  striking 
and  nearly  single  exception  presented  by  the  two  Bernouillis*,  to  what 
we  consider  the  general  rule,  is  fully  admitted;  but  it  has  such  an  abun- 
dance of  parallels  among  philologists,  jurists,  metaphysicians,  and  divines, 
that  we  think  no  one  can  assert  equanimity  o^  temper,  and  exemption 
from  envy,  malice,  and  all  uncharitableness,  to  be  the  usual  result  of  phi- 
loxophical  studies,  as  they  are  termed. 

We  will  not,  for  obvious  reasons,  cite  examples  of  moral  excellence 
from  among  our  living  countrymen  distinguished  for  their  scientific 
attainments;  yet  we  cannot  refrain  from  alluding  to  one,  because  the 
attainment  of  profound  knowledge  in  abstract  science  being  rare  in  an 
individual  of  her  sex,  such  an  example  naturally  presents  itself  in  a  dis- 
cussion on  the  beneficial  effects  on  the  moral  character  of  such  studies. 
If,  then,  to  a  knowledge  rarely  equalled  by  men,  be  united  every  quality 
that  can  adorn  a  woman,  that  knowledge  being  enhanced  by  the  pos- 
session of  extensive  acquirements  in  other  studies — we  may  at  least  be 
allowed  to  quote  her  opinions,  her  pursuits,  and  her  example  on  our  side, 
in  contrast  to  those  of  the  culpable  De  IStael. 

Let  any  one  recall  to  his  mind  all  the  quarrels  which  have  dis- 
tracted the  w^orld  of  literature,  from  the  earliest  ages  to  the  present 
moment,  let  him  reflect  on  the  bitter,  relentless,  bloody  hostilities,  excited 
by  purely  speculative  matters  of  opinion,  such  as  those  between  the 
Nominalists  and  Realists,  between  the  Roman  and  Canon  jurists,  the 
Jansenists  and  Molinists,  with  numberless  others  to  which  we  will  not 
allude;  and  then  let  him  decide  whether  the  cultivators  of  abstract  and 


•  We  say  nearly  single,  for  the  unfor- 
tunate differences  between  Newton  and 
Flamsteed,  which  have  lately  been  brought 
to   light,    are    venial,    compared    to    the 


unnatural  hostility  of  the  Swiss  brothers ; 
and  the  exact  proportion  of  blame  to  be 
imputed  to  Flamsteed  or  his  great  oppo- 
nent, is  still  a  matter  of  discussion. 
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physical  science  have  not  been,  at  all  periods,  distinguished  for  their 
unanimity  and  moderation.  But  we  quit  this  argument,  forced  on  us 
by  the  imputations  we  have  been  considering,  to  return  to  one  more 
general  and  more  likely  to  conciliate. 

If  the  intellectual  faculties  are  generally  referrible  to  those  of 
judgment  and  imagination,  and  the  predominance  of  one  class  over  the 
other  primarily  determines  each  individual  mind  to  those  pursuits  which 
more  particularly  demand  the  exercise  of  that  one:  then  the  question 
before  us  is  at  once  freed  from  all  considerations  of  imagination,  since 
its  influence,  when  felt,  is  too  powerful  to  admit  of  more  than  control, 
and  is  little  susceptible  of  cultivation.  When,  therefore,  the  individual 
is  not  endowed  with  that  rare  genius  which  renders  him  a  benefactor 
to  mankind,  by  the  happiness  his  creations  as  a  poet,  a  painter,  or  a 
musician,  excite  in  his  own  and  future  ages ;  the  aim  of  the  liberal 
education  he  gives  himself,  that  is  of  his  pursuits  after  he  has  passed 
through  the  discipline  of  school,  should  be  the  improvement  of  his  judg- 
ment, so  as  to  preserve  his  imagination  subordinate  without  suppressing 
it :  by  so  doing,  he  will  most  probably  secure  the  maximum  of  happiness ; 
the  undue  influence  of  ordinary  imaginations,  when  unchecked  by  the 
judgment,  being  the  source  of  all  the  evils  which  disturb  the  peace  of 
the  individual,  as  surely  as  its  dominion,  when  it  is  of  an  exalted  nature, 
is  productive  of  the  greatest  good  to  society. 

By  not  suffering  any  extrinsic  cause  to  induce  him  to  pursue  one 
line  of  studies  in  preference  to  another,  but  by  adopting  that  for  which 
he  feels  an  especial  inclination,  he  vnW  most  certainly  attain  the  end  in 
view,  and  be  secured  from  the  exclusive  effects  of  one  study  by  the 
invariable  tendency  of  each,  if  pursued  with  steadiness  and  energy,  to 
lead  to  and  connect  itself  with  others.  The  endeavour  to  exalt  the 
importance  of  one  line  of  studies  at  the  expense  of  another,  is  par- 
ticularly to  be  deprecated,  not  only  as  causing  an  undue  influence  in 
determining  the  choice  of  pursuits,  which,  in  our  opinion  his  own  feel- 
ings— the  suggestions  of  the  individual's  mind, — ought  alone  to  decide; 
but  as  fostering  those  bickerings  and  animosities  so  detrimental  to 
the  general  intellectual  advancement.  Instead  of  exciting  the  phi- 
lologist, the  historian,  the  metaphysician,  the  naturalist,  the  poli- 
tician, and  the  mathematician,  to  regard  with  jealousy,  or  to  treat 
with  contempt,  the  pursuits  of  the  others,  true  philosophy  should  point 
out  to  each,  that  they  are  all  equal  in  dignity  if  they  contribute  to  the 
real  happiness  of  the  individual,  by  alluring  him  from  the  debasing  ten- 
dency of  sensual  pleasures;  and  the  contest  among  the  different  culti- 
vators of  knowledge  should  be  to  prove  the  beneficial  effects  of  each 
species  on  the  mind,  by  sedulously  cherishing  courtesy  and  charity 
towards  their  fellow-labourers  in  the  vineyard,  and  not  to  flatter  their 
OAvn  indolence  or  presumption  by  striving  to  depreciate  the  utility  of 
exertions  of  which  they  are  incapable,  or  to  which  they  are  averse. 
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No.  IV. 

In  the  last  chapter  was  pointed  out  to  the  reader  a  method  readily 
applicable  to  the  determination  of  the  difference  of  latitude  of  any  two 
places  on  the  earth's  surface.  It  was  simply  to  observe  the  number  of 
degrees  through  which  any  of  the  fixed  stars  had  been  made  apparently 
to  ascend  or  descend  on  the  vault  of  the  heavens  by  the  change  of  the 
position  of  the  observer. 

But  every  star  has  another  apparent  motion  besides  that  which 
arises  out  of  an  alteration  in  the  place  from  which  it  is  observed. 
There  is  an  apparent  motion  from  east  to  west,  which  is  common  to  the 
whole  host  of  the  stars,  and  by  which  each  star  is  made  to  describe 
about  15  degrees  of  the  circle,  which  is  its  apparent  path,  every  hour. 
Hence,  whilst  an  observer  is  changing  his  place  and  his  latitude,  the  star 
which  he  has  observed  will  itself  have  had  an  apparent  motion  towards 
the  east,  arising  from  a  cause  quite  independent  of  his  changed  place, 
and  out  of  the  Avhole  apparent  motion  of  the  star  he  will  find  a  difficulty 
in  ascertaining  how  much  is,  and  how  much  is  not,  due  exclusively  to 
this  change  of  place. 

Fortunately,  however,  the  star  will  return  after  24  sidereal  hours, 
or  23''  56'  4409"  mean  solar  time,  exactly  to  the  same  place  in  which 
it  was  at  the  period  of  his  first  observation ;  and  if  he  repeat  his  obser- 
vation at  that  moment,  the  result  will  be  precisely  the  same  as  though 
the  stars  had  not  moved  at  all  in  the  interval. 

Thus,  then,  if  he  makes  his  second  observation  precisely  23''  56' 
44-09"  after  the  first,  he  knows  that  any  change  in  the  apparent 
altitude  of  the  star  must  arise  from  his  motion,  and  not  from  any  appa- 
rent motion  proper  to  it.  And  this  remark  applies  to  all  that  has  been 
said  before  of  that  apparent  motion  of  the  stars  which  is  produced  by  a 
change  in  the  position  of  the  observer. 

Tliis  subject  will,  however,  be  better  understood,  when  the  readers 
attention  shall  have  been  called  more  specifically  to  the  diurnal  motion 
of  the  earth. 

It  has  been  shown  that  the  earth  is  a  huge  isolated  mass,  having 
no  contact  with  any  other,  but  self-supported  in  space. 

Now  it  will  at  once  occur  to  the  reader,  that  a  mass,  placed  under 
these  circumstances,  whose  surface  had  no  other  contiguous  surface  to 
rest  against,  no  fixed  pedestal  or  suspending-chain  to  keep  it  in  its 
place,  would  necessarily  move,  if  any  external  force  were  applied  to  it. 
And  those  who  have  studied  the  theory  of  mechanics  know  further,  that 
any  motion  thus  communicated  to  it  would,  since  there  is  no  friction  or 
other  opposing  resistance  to  destroy  it,  continue  for  ever.  And  that  this 
is  true  as  to  the  fact.,  however  great  or  however  small  may  be  the 
amount  of  the  disturbing  force,  varying  only  in  this  respect  as  to  the  de- 
gree of  the  motion.  It  will  occur  to  them,  therefore,  as  quite  possible 
that  this  ball  should  be,  and  should  have  been  from  all  eternity,  in  motion, 
provided  there  be,  or  ever  have  been  in  existence,  an  external  power 
capable  of  moving  it.     Nay,  their  speculations  on  the  probability  of  the 
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case  may  be  carried  yet  further.  It  is  a  principle  of  mechanics,  that  if 
motion  be  communicated,  by  impact  or  otherwise,  to  a  mass  in  any  other 
direction  than  through  its  centre  of  gravity,  this  mass,  when  left  to  itself, 
will  have  two  motions,  one  a  motion  of  translation,  in  which  all  its  parts, 
including  its  centre  of  gravity  partake  in  common — the  other,  a  motion 
which  will  ultimately  be  a  motion  of  rotation  about  a  certain  axis  through 
its  centre  of  gravity,  in  which  only  those  parts  of  the  body  which  are 
without  this  axis  will  partake.  And  it  is  a  remarkable  fact  that  these 
two  motions  of  translation  and  rotation  will  be  quite  independent  of  one 
another,  so  that  the  motion  of  translation  will  be  precisely  the  same  as 
though  the  mass  had  been  struck  through  its  centre  of  gravity,  and  there 
had  been  no  rotation,  and  the  motion  of  rotation  the  same  as  though 
there  had  been  no  translation,  the  centre  of  gravity  of  the  mass  having 
been  held  at  rest.  Thus,  were  the  mass  a  sphere,  and  had  it  been 
struck  otherwise  than  through  its  centre,  it  would  necessarily  spin  round 
one  of  its  diameters,  and  at  the  same  time  move  forward  in  a  straight 
line,  with  a  motion  of  translation.  Also  this  spinning  motion  would  be 
the  same  as  if  the  axis  about  which  it  takes  place  had  been  kept  at  rest 
like  that  of  a  globe,  and  the  motion  of  translation  the  same  as  though 
the  ball  had  been  struck  through  its  centre,  and  had  not  therefore  spun 
at  all  on  its  axis. 

And  all  this  is  true,  however  slight  the  impulse  which  might  be 
given  to  it. 

To  put  this  fact  in  a  more  striking  light,  let  us  suppose  the  force 
of  gravity  on  the  earth's  surface  for  an  instant  to  be  destroyed,  and  let 
the  reader  be  imagined  to  have  constructed  a  sphere  of  clay,  and  having 
done  so,  to  hold  it  up  in  his  hand,  and  then  to  unloose  his  grasp  from  it. 
It  would  immediately  begin  to  spin  upon  one  of  its  diameters,  and  to 
move  onward  through  space  with  an  uniform  motion,  which  would  never 
of  its  own  accord  alter  its  direction,  or  cease.  There  being  no  force  of 
gravity  to  draw  it  downwards,  had  no  force  whatever  been  communi- 
cated to  it  when  it  was  set  free,  it  would  have  rested;  but  it  will  have 
been  found  impossible  to  set  it  free  from  the  hand  without  communi- 
cating some  motion  to  it,  and  it  is  an  infinity  of  chances,  that  the 
direction  of  that  motion  shall  not  have  been  precisely  through  its 
centre;  in  which  case  there  Avill,  of  necessity,  have  resulted  a  motion 
of  translation,  and  one  of  rotation. 

It  is  scarcely  necessary  to  apply  this  illustration  to  the  case  now 
under  our  discussion :  that  the  Hand  by  which  the  materials  of  our  globe 
were  brought  together  could  have  been  withdrawn,  and  yet  that  mass 
left  quiescent  in  space  no  one  ventures  to  deny;  but  that  it  should  move 
is  the  simpler  case,  and  that  the  same  Hand,  when  it  had  spread  upon 
the  face  of  the  earth  its  glorious  covering  of  green  herbage,  of  flowers, 
and  of  forest-trees,  and  sent  forth  the  cattle  on  a  thousand  hills,  should 
then  have  imparted  to  it  that  impulse  in  space,  whence  should  result 
the  alternations  of  day  and  night  for  the  repose  of  every  living  animal, 
and  the  periodical  changes  of  heat  and  cold,  whereby  every  variety  of 
vegetable  life  should  be  made  to  bring  forth  its  fruit  in  due  season,  is 
by  far  the  more  probable  of  the  two  suppositions. 

That  this  earth,  then,  which  we  know  to  exist,  isolated  in  space, 
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should  be  in  motion,  that  it  should  revolve  continually  and  uniformly 
round  one  of  its  axes,  and  at  the  same  time  with  a  motion  of  translation 
forward  in  space,  will  not,  therefore,  seem  improbable.  In  fact  it  is 
seen  on  the  whole  to  be  more  probable  than  that  it  should  be  at  rest. 

Let  us  now  consider  the  matter  in  another  light.  In  a  former 
chapter,  an  observer  was  supposed  to  set  out  from  the  north,  and  travel 
southward  round  the  earth  ;  and  it  was  shown  that  the  horizon  of  such 
an  observer  must  (to  explain  the  phenomena)  be  supposed  continually 
to  roll  with  him,  causing  by  its  angular  approach  to  some  of  the  fixed 
stars  as  it  thus  rolled  along,  and  its  recession  from  others,  an  apparent 
approach  of  the  stars  northwards  to  the  horizon,  and  their  ultimate 
immersion  beneath  it,  and  the  converse  of  all  this  southward.  Now, 
instead  of  his  moving  southward  from  the  north,  let  us  suppose  him  to 
move  eastward  from  the  west.  His  horizon  now,  as  before,  rolling  along 
with  him,  those  stars  which  are  behind  him  will  continually  appear  to 
descend  upon  the  vault  of  the  heaven  behind  him,  and  those  before 
him  to  ascend;  thus  they  will  appear  to  rise  to  the  eastward,  to  revolve 
over  his  head,  and  to  set  in  the  west.  Let  him  now  be  supposed  to 
move  thus  Avith  such  rapidity  as  to  describe  in  twenty-four  hours  the 
whole  circumference  of  the  earth,  and  to  continue  this  gyration  uniformly 
and  unconsciously  for  ever.  As  his  horizon  is  thus  brought  continu- 
ally into  different  positions,  with  reference  to  the  stars,  and  as  he  does 
not  suspect  the  fact  of  the  motion  of  his  horizon,  he  will  necessarily 
suppose  the  stars  themselves  to  take  up  ditferent  positions  with  regard  to 
the  horizon,  to  ascend  from  beneath  it,  pass  over  the  space  above  it, 
descend  again  beneath  it,  and  every  twenty-four  hours,  to  make  a  com- 
plete revolution  about  him.  Now,  instead  of  the  obsei-ver  thus  career- 
ing continually  round  the  earth,  let  us  suppose  him  to  remain  at  rest, 
and  the  earth  itself  to  move,  carrying  him  round  with  it.  The  appear- 
ances of  the  heavens  will  manifestly  be  to  him  exactly  the  same  as 
before. 

The  only  difference  of  the  cases  is  this;  instead  of  the  observer 
having  in  every  position  a  new  horizon,  occupying  a  different  situation 
with  regard  to  the  region  of  the  fixed  stars,  he  will  have  everywhere 
the  same  horizon,  which  will  be  made  to  occupy  in  succession  precisely 
the  same  positions  as  his  different  horizons  did  on  the  former  suppo- 
sition; and  being  here,  as  before,  unconscious  of  the  motion  of  his 
horizon,  he  will  attribute  the  apparent  ascent  of  the  stars  to  the  east- 
ward, and  their  descent  westward,  to  a  proper  motion  of  the  stars  them- 
selves, and  not  to  its  true  cause  the  alteration  of  the  position  of  his  own 
horizon  with  respect  to  them. 

Thus,  then,  if  the  earth  carried  us  round  perpetually  in  space  as  it 
spun  upon  its  axis,  looking  at  the  stars  we  should  observe  precisely  the 
same  phenomena  as  those  which  the  appearances  of  the  heavens  daily 
present  to  us.  The  heavens  would  appear  to  turn  round  us.  We  have 
then  to  choose  between  two  hypotheses,  which  equally  well  account  for 
the  observed  facts  of  the  apparent  daily  rotation  of  the  vault  of  the 
heavens;  these  hypotheses  are,  that  the  host  of  heaven  do  daily  re- 
volve Avith  a  common  motion  round  us,  or  that  the  earth  revolves  daily 
and  uniformly  round  one  of  its  diameters. 
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We  have  shown  this  last  hypothesis  to  be  in  the  highest  degree 
probable  from  the  fact,  that  the  earth  is  a  mass,  separated  and  isolated 
from  all  others,  and,  as  it  Avere,  self- supported  in  space.  Certain,  there- 
fore, to  retain  any  motion  communicated  to  it,  and  if  that  motion  were 
communicated  otherwise  than  through  its  centre,  certain  to  revolve  for 
ever  upon  one  of  its  axes,  as  well  as  to  move  forwards. 

Now  let  us  consider  the  probability  of  the  other  hypothesis,  viz. 
that  the  heavens  and  all  their  host  do  really  revolve  round  us  every 
twenty-four  hours  as  they  appear  to  do.  It  has  been  shown  in  a  pre- 
ceding chapter,  that  the  region  of  the  fixed  stars  is  distant  from  us  by  a 
space  not  less  than  one  hundred  thousand  times  the  earth's  diameter — 
in  reality  it  is  far  more  remote  than  so  many  times  the  diameter  of  the 
earth's  orbit.  Being  thus  distant,  the  magnitudes  of  the  fixed  stars 
must  be  enormous,  or  we  should  not  be  able  to  see  them. 

The  hypothesis  of  a  daily  revolution  of  the  heavens  amounts  then 
to  this,  that  millions  of  immense  bodies,  stars  innumerable,  revolve  each 
in  its  particular  orbit,  and  each  with  a  velocity  greater  than  that  of 
light  round  one  of  the  axes  of  this  earth  of  ours,  which  is  but  an  atom 
in  comparison  with  the  least  of  them.  There  is  a  limit  somewhere 
placed,  beyond  which  that  which  is  improbable  identifies  itself  with  that 
which  is  impossible,  and  this  hypothesis  seems  to  pass  it. 

The  improbability  may,  however,  yet  l)e  rendered  stronger.  The 
stars,  called  fixed,  because  they  preserve  always  the  same  relative  posi- 
tions, are  not  the  only  stars  seen  in  the  heavens,  there  are  other  bodies, 
whose  apparent  positions  in  reference  to  one  another,  and  to  the  fixed 
stars,  are  pepetually  changing,  "  Palantia  sidera  coelo."  Besides,  then, 
their  daily  revolution  with  the  rest  of  the  heavens,  these  must,  if  our 
hypothesis  be  true,  have  a  continual  motion  among  the  other  stars,  and 
this  of  the  most  perplexing  and  extraordinary  kind.  The  sun,  for 
instance,  must  be  supposed,  besides  his  daily  motion,  to  move  in  the 
same  direction  completely  through  that  girdle  of  stars  called  the  zodiac, 
once  a  year;  and  the  moon  once  a  month.  The  planets  Mercury  and 
Venus  must  be  supposed  always  to  accompany  the  sun  in  his  motion, 
but  sometimes  to  lag  behind  him,  and  at  others,  to  press  on  before  him, 
altering  perpetually  in  brightness  with  each  variety  of  motion.  The 
planets  Mars,  Jupiter,  and  Saturn,  must  be  supposed  to  have  paths,  sub- 
ject to  so  complicated  a  law  of  change,  as  to  appear  to  have  their  motions 
governed  by  a  kind  of  caprice,  and  to  render  it  difiicult  to  say  whether 

*  Sponte  sua  jusssene  vagentur  et  errent.' 

Sometimes  we  must  suppose  them  to  travel  forwards  on  the  vault 
of  the  heavens,  then  by  an  indirect  and  tortuous  course  to  retrograde,  at 
one  time  in  opposition,  at  another,  in  conjunction  with  the  sun,  thus 
presenting  the  image  of  a  wandering,  unsettled,  reeling,  and  lawless 
course  through  the  sky;  and  all  this  motion,  which  passes  through  its 
changes  slowly,  and  by  periods  of  months,  combined  with  the  steady  and 
regular  daily  motion,  common  to  the  whole  region  of  the  stars.  The  com- 
plexity of  this  hypothesis  renders  it  next  to  impossible  that  it  should  pro- 
ceed from  the  same  Hand,  of  whose  skilful  operation  we  find  such  abun- 
dant evidence  in  the  things  that  surround  us. 
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Now  let  us  place  tlie  hypotheses  together;  on  the  one  hand  we  have 
to  suppose  that  these  millions  of  stars,. situated  at  immeasurable  distances 
from  our  earth,  and  immeasurably  greater  than  it,  nevertheless  whirl 
round  it  with  inconceivable  rapidity  every  twenty-four  hours,  and  that 
besides  this  motion,  certain  of  them  wander  perpetually  through  space 
in  tortuous  eccentric  paths,  subjected  to  some  unknown  and  most 
complicated  law  of  deviation. 

On  the  other  hand,  take  the  hypothesis,  that  the  earth  revolves 
upon  its  axis  perpetually  and  uniformly,  and  at  the  same  time  moves 
forward  in  space,  an  hypothesis  rendered  in  the  highest  degree  probable 
by  the  fact,  otherwise  ascertained,  of  its  entire  isolation  in  space. 

The  improbability  of  the  first  hypothesis,  infinite  as  it  is  in  itself, 
is  infinitely  increased  by  the  probability  of  the  second. 

But  however  conclusive  may  be  this  balance  of  probabilities,  the 
question  admits  of  a  still  more  rigid  determination. 

In  the  first  chapter  were  stated  the  circumstances  which  absolutely 
prove  the  stars  to  be  material  bodies  like  our  earth,  subject  to  the 
same  laws  of  attraction  and  motion  as  what  we  see  around  us ;  and  the 
same  is  ascertained  with  equal  certainty  in  respect  to  the  sun  and  planets 
of  our  system.  Now  this  being  the  case,  it  is  impossible^  from  the 
nature  of  these  laws  of  attraction  and  motion,  that  this  sun,  these 
planets,  and  these  immense  and  distant  stars,  should  turn  continually 
round  our  little  earth. 

If  two  bodies,  subject  to  the  known  laws  of  attraction  and  motion, 
revolve  freely  in  space,  we  know  that  their  revolution  must  take  place, 
not  about  the  actual  centre  of  gravity  of  either  body,  but  about  their 
common  centre  of  gravity.  Now  the  common  centre  of  gravity  of  two 
bodies  is  nearer  to  the  greater  of  the  two;  so  that  the  point  about 
which  the  two  revolve  is  always  nearer  to  the  greater  body;  and  if 
the  one  body  be  infinitely  greater  than  the  other,  it  is  infinitely  nearer 
to  it.  And  thus  the  effect  is  precisely  the  same  as  though  the  less 
body  revolved  about  a  point  coincident  with  the  centre  of  gravity  of 
the  greater. 

But  the  sun  is  infinitely  greater  than  the  earth.  The  sun  could 
not,  therefore,  if  the  earth  and  sun  only  were  in  existence,  revolve  round 
the  earth,  but  the  earth  must  revolve  round  a  point  infinitely  near  to  the 
centre  of  the  sun.  And  this  result  will  scarcely  be  affected  by  the  intro- 
duction of  the  other  bodies  of  our  system  into  the  discussion; — the 
whole  revolve  about  their  common  centre  of  gravity,  which  by  reason 
of  the  great  magnitude  of  the  sun,  when  compared  with  any  of  them, 
is  a  point  which  may  be  considered  as  fixed,  and  which  may  be  con- 
sidered as  exceedingly  near  its  centre. 

It  is  impossible,  then,  that  the  sun  should  revolve  round  the  earth 
every  twenty-four  hours.     And  we  must  take  the  other  hypothesis. 

The  earth  turns  upon  one  of  its  diameters  called  its  axis  every 
twenty-four  hours,  thereby  causing  that  vast,  hollow  sphere,  whose 
centre  it  may  be  imagined  to  occupy,  to  appear  continually  to  revolve 
round  it  in  that  period. 

Let  us  imagine  the  axis  of  the  earth  to  be  produced  both  ways,  so 
as  to  meet  the  surface  of  this  great  sphere  of  the  heavens  in  the  points 
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p  and  Q.  It  will  thus  mark  out  the  two  poles  of  the  heavens,  about 
which  the  stars  appear  to  have  their  diurnal  paths,  of  which  one  is 
represented  by  the  circle,  R  t,  in  the  figure. 


Let  the  plane  of  the  equator  of  the  earth,  e  c,  be  produced,  to  in- 
tersect the  sphere  of  the  heavens.  The  great  circle,  M  Q,  in  which  it 
will  thus  intersect  it,  will  be  the  equinoctial.  Any  plane  drawn  through 
the  axis,  p  q,  of  the  heavens  will  intersect  the  celestial  sphere  in  a  circle 
called  a  declination-circle,  of  which  circles  p  s  M,  shovm  in  the  figure, 
is  one.  Declination-circles  are  thus  great  circles  which  pass  round 
the  heavens  from  one  pole  to  the  other.  Every  position  of  the  heavens 
is  supposed  to  have  one  of  these  declination-circles  passing  through 
it.  The  use  of  them  is  to  fix  the  position  of  any  star  on  the  vault 
of  the  heavens,  in  the  same  manner  as  the  position  of  a  place  is  fixed 
on  the  surface  of  the  earth  by  its  longitude  and  latitude. 

If  we  know  the  particular  declination-circle  which  passes  through 
any  star,  and  also  the  situation  of  the  star  on  that  circle,  we  have  an 
accurate  conception  of  the  position  of  the  star  on  the  vault  of  the 
heavens.  We  can  convey  that  conception  to  others,  and  by  reference  to 
a  celestial  globe,  or  to  a  chart  of  the  heavens,  we  can  tell  what  this 
particular  star  is,  and  what  is  its  position  in  reference  to  other  stars. 

Each  declination-circle  passes  through  the  poles  of  the  heavens, 
and,  of  course,  intersects  the  equinoctial,  which  lies  midway  between 
these  poles  at  right  angles.  There  is  a  particular  point  on  the  equi- 
noctial, called  the  point  Aries,  marked  in  the  engraving  by  the  sym- 
bol cyo,  the  position  of  which  in  the  heavens  will  be  explained  hereafter 
The  distance  of  the  point  where  the  declination-circle  of  any  star  cuts 
the  equinoctial,  from  this  point,  Aries,  being  measured  eastward  along 
the  equinoctial,   is  called  the  right  ascension  of  that  star;  and  the  dis- 


104  A    POPULAR   COURSE   OF    ASTRONOMY. 

tance  of  the  star  from  the  equinoctial,  measured  on  its  declination-circle, 
is  called  the  declination  of  the  star.  Thus,  knowing  the  right  ascension 
and  declination  of  a  star,  Ave  know  its  exact  position  on  the  great  sphere 
of  the  heavens,  and  can  refer  to  it  on  a  celestial  sphere  or  chart;  for 
from  the  right  ascension  we  know  the  position  of  its  declination-circle, 
and  from  the  declination,  its  situation  on  that  particular  declination- 
circle.  Thus,  in  the  figure,  the  declination-circle,  p  s  m,  which  passes 
through  the  star,  s,  intersects  the  equinoctial  in  the  point  m,  the  dis- 
tance of  this  point  from  T",  measured  eastwards  on  the  equinoctial ;  m  q 
is  therefore  the  right  ascension  of  s,  whilst  the  distance,  s  m,  measured 
on  the  declination-circle,  between  s  and  the  equinoctial,  is  the  declina- 
tion of  s. 

If  the  plane  of  the  meridian  of  longitude  of  any  place  on  the 
earth's  surface  be  continued  to  the  celestial  sphere,  it  traces  out  there 
what  is  called  the  celestial  meridian  of  that  particular  place.  Thus,  if 
o  be  any  place  on  the  earth's  surface,  and  if  the  plane  of  the  meridian  of 
longitude  passing  through  o  be  produced  to  intersect  the  sphere  of  the 
heavens,  the  circle  in  which  it  will  intersect  it  is  the  celestial  meridian 
of  o;  it  is  represented  in  the  figure  by  the  circle  n  p  z  k  f  q. 

Since  the  earth  is  continually  revolving  in  the  position  which  it 
apparently  occupies  in  the  centre  of  the  celestial  sphere,  the  celestial 
meridian  of  each  particular  place  is  continually  revolving  over  the  face 
of  the  heavens,  about  its  axis,  coinciding  in  succession  with  all  the 
declination-circles  in  the  course  of  twenty-four  hours.  This  is  the  real 
state  of  the  case.  The  apparent  state  of  the  case  is,  however,  precisely 
the  opposite  of  this.  The  place  of  the  observer  appears  to  be  fixed, 
and  therefore,  his  celestial  meridian  to  be  jixed;  whilst  the  stars,  and 
with  them  their  declination-circles,  appear  to  revolve  every  twenty-four 
hours,  each  declination-circle  coinciding  in  its  turn  Avith  his  meridian. 

When  the  declination-circle  of  any  star  thus  coincides  with  the 
celestial  meridian  of  any  place,  the  star  is  said  to  be  on  the  meridian  of 
that  place,  and  its  altitude  at  that  moment  above  the  horizon,  is  called 
its  meridian  altitude. 

The  plane  of  the  meridian  passing  through  the  axis  of  the  earth 
passes  through  its  centre,  and  is  perpendicular  to  its  surface.  A  line 
perpendicular  to  the  earth's  surface  at  any  point,  is,  therefore,  in  the 
plane  of  the  meridian  at  that  point,  and  such  a  line  being  produced  to 
the  heavens,  will  intersect  it  in  a  point  of  the  meridian  of  the  place. 

Thus  the  vertical,  o  z,  at  any  place,  o,  on  the  earth's  surface,  being 
produced  to  the  heavens,  intersects  them  in  the  celestial  meridian  of 
the  place.  The  point,  z,  where  the  vertical  intersects  the  sphere  of  the 
heavens,  when  produced  upwards,  is  called  the  Zenith;  when  produced 
downwards,  the  Nadir.  The  Zenith  is  that  point  of  the  heavens  which 
an  observer  sees  immediately  above  his  head;  the  Nadir,  that  point 
which  he  would  see  if  nothing  intervened  immediately  beneath  his  feet. 

The  celestial  meridian  of  any  place  has  been  shown  to  pass  through 
its  zenith.  Also,  by  the  definition  of  it,  it  appears  that  it  passes 
through  the  poles  of  the  heavens.  The  celestial  meridian  of  any  place 
is  thus  a  great  circle  drawn  through  its  zenith  and  the  poles  of  the 
heavens.     The  points  Avhere  this  circle  meets  the  horizon  are  called  its 
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north  and  south,  points,  and  the  points  of  the  horizon  half-way  between 
these,  its  east  and  west  points.  Thus,  if  n  b  s  a  be  the  horizon  of  an 
observer  at  o,  the  points  n  and  b,  where  the  celestial  meridian  of  that 
place  intersect  it,  are  its  north  and  south  points,  and  a  and  b,  half  way 
between  these,  its  east  and  west  points.  If  a  great  circle,  z  s  k,  be 
imagined  to  be  drawn  from  the  zenith,  z,  to  the  horizon,  through  any 
star,  s,  it  is  called  the  azimuth  circle  of  that  star,  k  s  is  its  altitude,  z  s 
its  zenith  distance,  and  n  k  its  azimuth. 

Let  p  represent  the  pole  of  the  heavens; 
z,  the  zenith  of  an  observer  on  the  earth's 
surface  at  e;  p  z  q  s  n,  a  great  circle  of  the 
heavens  passing  through  these  points :  this 
circle  is,  therefore,  the  meridian  of  the  ob- 
server at  E.  Let  H  K  be  the  horizon  of  the 
observer  at  e,  at  right  angles  to  ze;  also 
let  R  s  be  the  equinoctial  at  right  angles  to 
the  axis,  p  q,  of  the  heavens.  The  earth, 
E,  may  be  considered  as  a  mere  point,  in 
comparison  with  the  sphere  whose  centre  it 
occupies.  Now  the  celestial  meridian, 
PZKS,  being  in  the  same  plane,  and  concentric  with  the  terrestrial 
meridian  of  the  observer,  the  arc,  z  b,  between  the  equinoctial  and  the 
zenith,  contains  as  many  degrees  as  does  the  arc,  ef,  of  the  terres- 
tj'ial  meridian  between  the  equator  and  the  place  of  observation.  In 
fact,  these  arcs  measure  the  same  angle  at  the  earth's  centre.  But 
the  arc,  e  f,  of  the  meridian  intercepted  between  the  equator  and  the 
observer's  place,  is  his  latitude ;  the  arc,  z  r,  between  the  equinoctial 
and  the  zenith,  is,  therefore,  equal  to  the  latitude.  And  if  we  could 
but  see  exactly  where  the  equinoctial  was  in  the  sky,  if  it  were  marked, 
for  instance,  upon  it  as  it  is  upon  our  globes,  by  a  band  stretching  across 
the  heavens,  we  could  at  once  determine  the  latitude  of  any  place  liy 
measuring  the  distance  upon  the  meridian  between  this  band  and  the 
zenith  of  the  place. 

But  although  we  cannot,  without  much  difficulty,  fix  the  position 
of  the  equinoctial  in  the  heavens,  the  pole  is  much  more  readily  found; 
and  this  will  answer  the  same  purpose,  for  the  arc,  z  R,  is  equal  to  p  h; 
therefore  the  arc,  p  h,  which  is  the  distance  of  the  pole  from  the  horizon, 
or  the  elevation  of  the  pole,  as  it  is  termed,  is  equal  to  the  latitude  of 
the  place  of  observation.  Here,  then,  is  a  very  simple  method  of  deter- 
mining the  latitude.  We  have  only  to  observe  the  altitude  of  the  pole 
of  the  heavens  above  the  horizon. 

But  there  is  still  another  difficulty;  for  the  pole  of  the  heavens 
cannot  at  once  and  accurately  be  found.  The  polar  star  is  usually  said 
to  be  in  the  pole  of  the  heavens,  whereas  it  is,  in  reality,  distant  from 
it  by  about  one  degree  and  a-half. 

How,  then,  shall  we  find  the  exact  height  of  the  pole,  not  being 
able  to  distinguish  its  place  in  the  heavens.  Thus^  let  us  fix  upon  one 
of  those  stars  which  are  not  so  remote  from  the  pole  as  to  be  made  by 
their  revolution  round  it,  to  sink  beneath  the  horizon,  and  are,  therefore, 
called  circumpolar  stars. 


JOG 
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Let  R  Q  represent  the  diurnal  path  of  one  of  these  about  the  pole, 

,- ,  p;   also,  let  zrh  be  the  celestial 

meridian  of  the  observer. 

Let  the  altitude  of  the  star  be 
observed  w^hen  it  is  on  the  meridian 
at  R,  at  what  is  called  it  superior 
passage  over  it,  and  also  when  at 
Q,  at  the  time  of  its  ififerior  pas- 
sage ;  the  altitudes  h  r  and  h  q 
being  thus  known,  exactly  half  their  sum  will  be  h  p,  the  exact  height  of 
the  pole  p. 

Take,  then,  half  the  sum  of  the  two  meridian  altitudes  of  a  circum- 
polar  star,  and  you  will  obtain  the  altitude  of  the  pole  that  is  the  lati- 
tude of  your  place  of  observation.  It  is  clear  that  the  star  is  at  its 
highest  point  when  at  r,  and  at  its  lowest  at  q.  The  rule,  then,  may  be 
expressed  thus:  take  half  the  difference  of  the  greatest  and  least  altitudes 
of  a  circumpolar  star,  and  the  result  will  be  the  latitude.  Thus  it 
becomes  unnecessary  to  know  exactly  what  is  the  position  of  the  celestial 
meridian.  This  is  probably  the  most  accurate  method  of  finding  the 
latitude. 

The  practical  objections  to  this  method  of  determining  the  latitude, 
are  these, — it  requires  an  interval  of  the  half  of  a  sidereal  day  between 
the  two  observations  required;  and  it  requires  that  the  observer  should 
remain  in  the  same  place  during  that  interval.     Now  the   latitude  is 
sometimes  required  to  be  known  at  once,  and,  as  in  the  case  of  a  ship  at 
sea,  the  same  place  cannot  be  retained  during  the  interval  in  question. 
Again,  these  are  observations  which  can  only  be  made  at  night. 
The  follovnng  method  will  obviate  all  these  difficulties. 
Let  s  represent  the  position  of  any  of  the  heavenly  bodies,  a  star 
,.  for  instance,  or  a   planet,  or  the  sun,  or 

moon,  when  on  the  celestial  meridian  of 
the  observer. 

This  celestial  meridian,  then,  coincides 
with  the  declination-circle  of  the  star,  and 
the  distance,  a  s,  of  the  equinoctial  from 
the  star  measured  on  the  meridian,  is  the 
declination  of  the  star.  Now  suppose  the 
declination  to  be  known, — and  the  decli- 
nations of  all  the  principal  stars  are  known, 
and  have  been  inserted  in  tables;  also  the 
declination  of  the  sun,  which  alters  daily,  but  nevertheless  admits  of 
being  calculated  for  every  day  of  the  year;  and  is  so  calculated  and 
registered  in  the  Nautical  Almanack.  Hence,  therefore,  the  distance,  A  s, 
of  the  sun,  or  star,  from  the  equinoctial,  is  hiown  for  every  day  in  the 
year.  Now,  let  the  meridional  distance  of  the  sun  from  the  zenith  be 
observed.,  if  the  latitude  be  required  to  be  found  in  the  day-time,  or  the 
meridian  distance  of  a  known  star  from  the  zenith  if  the  latitude  be 
required  at  night.  Thus,  the  distance  s  z  will  be  known,  and  a  s,  the 
declination,  is  known  by  the  tables.  The  sum  of  these,  a  z,  is  the 
latitude.     If  it  be  more  convenient  to  measure  the  distance  of  s  from 
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the  horizon  than  the  zenith,  as  is  commonly  the  case,  then  from  this 
meridian  altitude  of  the  sun,  as  it  is  called,  its  zenith  distance,  s  z,  is 
at  once  found,  by  subtracting  it  from  z  k,  which  we  know  to  be  90°. 

It  need  scarcely  be  suggested  that  when  the  altitude  of  the  sun  is 
thus  measured,  it  must  be  the  altitude  of  the  centre  of  his  disc,  it  being 
the  centre  of  the  sun's  disc  of  which  the  declination  is  given  in  the 
tables. 

Some  of  the  most  simple,  and  at  the  same  time  some  of  the  best, 
of  the  numerous  methods  for  determining  the  latitude  having  been 
explained,  let  us  now  consider  how  that  other  element  requisite  for 
ascertaining  the  place  of  the  observer  on  the  earth's  surface — the  longi- 
tude may  be  found. 

The  motion  of  the  earth  upon  its  axis  is  uniform;  hence,  therefore, 
it  follows,  that  the  celestial  meridian  of  every  place  on  the  earth's  sur- 
face is  swept  over  the  face  of  the  heavens  with  an  uniform  motion. 
Since  the  earth  revolves  in  aS'*  56'  44'09",  or  nearly  twenty-four 
hours,  completely  upon  its  axis ;  the  meridian  of  each  place  travels  the 
heavens  at  the  rate  of  about  15°  an  hour. — The  reader  must  here  bear 
in  mind  that  the  earth  is  supposed  to  be  revolving  in  the  centre  of 
a  fixed  hollow  sphere,  and  that  the  celestial  meridians  of  places  on  the 
earth  are  great  circles  of  this  great  outer  sphere,  revolving  round  the 
axis  of  the  heavens,  with  those  places  on  the  earth's  surface  to  which 
they  severally  belong,  and  thus  coinciding  in  succession  with  the  decli- 
nation-circles which  are  fixed  on  the  concavity  of  the  sphere. — Now  let 
us  suppose  one  of  the  terrestrial  meridians  of  longitude  to  pass  through 
each  degree  of  the  equator:  for  each  of  these  terrestrial  meridians  there 
will  be  a  corresponding  celestial  meridian,  and  each  such  celestial 
meridian  sweeping  the  heavens  at  the  rate  of  15°  per  hour,  fifteen  of 
them  will  pass  over  the  same  point  of  the  heavens  every  hour,  and 
generally  the  celestial  meridians  will  pass  over  the  same  point  in  the 
heavens,  the  same  star  for  instance,  (the  same  sun,  or  the  same  planet,) 
at  the  rate  of  15°  per  hour.  Hence,  therefore,  if  the  times  at  which  the 
celestial  meridians  of  two  places  coincide  Avith  the  same  star,  differ 
by  one  hour,  we  know  that  the  terrestrial  meridians  to  which  they 
belong  are  15°  apart,  or  that  there  is  15°  difference  of  longitude  be- 
tween the  two  places. 

Thus,  then,  if  there  were  two  observers  at  two  different  places  on 
the  earth's  surface,  and  they  had  clocks  set  exactly  to  the  same  time; 
then,  if  each  observed  the  time  by  his  clock  of  his  celestial  meridian 
passing  over  a  certain  star  (that  is  of  the  star  apparently  coming  on  his 
meridian),  then  the  difference  of  these  times,  or  the  interval  shown  by 
the  clocks  between  them,  Avould  show  the  number  of  degrees  of  longitude 
which  intervened,  allowing  at  the  rate  of  15°  per  hour,  or  a  degree  for 
every  four  minutes  of  difference  of  time.  If  one  observer,  for  instance, 
found  that  the  star  came  on  his  meridian  at  eleven  at  night  by  his 
clock,  and  the  other  saw  it  at  twelve  minutes  past  eleven  by  his  clock, 
then  they  would  know  that  there  were  3°  difference  of  longitude  be- 
tween the  places  of  observation. 

The  actual  longitude  of  a  place  is  the  number  of  degrees  of  longi- 
tude intervening  between  it   and  the  meridian  of  the  observatory  of 
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Greenwich.  Hence,  if  one  of  the  observers  of  whom  we  have  spoken 
were  at  Greenwich  at  the  time  of  his  observation,  the  difference  of 
longitude  deduced  from  the  two  observations  would  be  the  actual  longi- 
tude of  the  place  of  the  second  observation.  The  inconvenience  of  this 
method  is  manifestly  this; — that  the  two  observers  would  be  obliged, 
however  remote  their  stations,  to  come  together  and  compare  their 
results,  before  anything  would  be  known. 

Now  instead  of  two  observers,  let  us  suppose  one  of  them  to  have 
observed  at  Greenwich  the  time  when  a  particular  star  passes  the  meri- 
dian by  a  clock  set  to  sidereal  time, — that  is  so  set  that  the  hand  revolves 
precisely  twice  round  the  dial-plate  in  the  time  which  intervenes  between 
the  transit  of  a  star  over  the  meridian  and  its  return  to  it,  which  time  is 
always  the  same, — he  knows,  then,  that  the  star  will  always  return  to 
the  meridian  of  Greenwich  precisely  at  the  hour  thus  shown  by  his 
clock.  Let  us  suppose  it  to  be  ten  o'clock.  Let  him  now  set  out  to 
some  other  place  westward,  taking  his  clock  with  him.  Let  him  thus 
travel  for  six  months,  and  after  that  time  wish  to  know  into  what  longi- 
tude he  has  got.  He  has  only  to  observe  at  what  hour  by  his  clock  the 
star  which  he  observed  at  Greenwich  now  passes  over  his  meridian. 
Suppose  it  one  o'clock  at  night.  If  his  clock  has  gone  right  during  the 
intervening  six  months,  he  knows  that  the  star  passed  that  night  over  the 
meridian  of  Greenwich  at  ten  o'clock,  that  is  three  hours  before; 
allowing,  therefore,  15  degrees  of  longitude  an  hour,  it  follows  that  he  is 
45  degrees  west  of  Greenwich. 

Now  this  is  precisely  the  way  in  which  the  longitude  is  commonly 
found  at  sea,  except  that  it  is  not  pendulum-clocks  which  are  used 
there,  these  being  of  course  subject  to  injury  and  derangement,  from 
the  motion  of  the  ship,  but  chronometers,  which  are  now  constructed  so 
as  to  go  with  wonderful  accuracy,  under  every  change  of  circumstances 
and  temperature.  Instead  of  one  chronometer,  several  are  usually  taken 
in  the  same  ship.  So  that  if  any  one  by  chance  go  materially  wrong, 
the  error  will  be  detected  by  its  disagreement  with  the  others.  Chrono- 
meters are  commonly  set,  not  for  sidereal  time,  but  for  mean  solar  or 
common  time ;  but  then  the  difference  between  this  and  sidereal  time 
being  kno-vvn  to  be  3'  56"5"  daily,  it  is  very  easy  to  ascertain  what  the 
sidereal  time  is  from  the  common  time. 

By  observations  on  the  stars,  the  longitude  can  only  be  ascertained 
at  night.     Now  it  is  frequently  very  desirable  to  find  it  by  day. 

How  shall  this  be  done  ? 

The  principle  on  which  the  determination  of  the  longitude  by 
means  of  a  star  is  founded,  is  this,  that  we  know  the  time  when  the 
meridian  of  Greenwich  passed  over  the  star,  and  observe  when  our  own 
passes  over  it.  Now  suppose  we  know  when  the  meridian  of  Greenwich 
passed  over  the  sun,  and  observe  when  our  own  meridian  passes  over  the 
sun.  It  is  evident  that  we  shall  know,  making  the  allowance  of  15° 
per  hour*,  precisely  as  before,  what  is  the  difference  of  longitude. 

But  how  can  we  tell  at  any  remote  place  when  the  meridian  of 
Greenwich  on  that  day  passed  over  the  sxm?     If  the  meridian  came 

"  Making  also  a  small  allowance  for  the  apparent  motion  of  the  sun. 
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back  to  the  sun  every  day  after  the  same  interval,  that  is,  if  the  solar 
days  were  all  of  the  same  length,  there  would  he  no  difficulty  whatever 
in  this,  we  should  only  have  to  set  our  chronometer  to  solar  time — put 
the  hand  at  twelve  o'clock,  when  the  sun  was  on  the  meridian  at  Green- 
wich, then  travelling  anywhere  else,  we  should  know  that  if  the  chro- 
nometer kept  correct  time,  when  the  hand  was  again  at  twelve,  the  sun 
would  he  on  the  meridian  at  Greenwich.  And  if  we  observed  what 
time  was  shown  by  it  when  the  sun  was  upon  the  meridian  at  the  place 
of  our  observation,  the  difference  between  this  and  twelve  o'clock, 
allowing  one  degree  for  every  four  minutes  of  time,  would  give  us  at  once 
the  longitude.  But  the  sun  does  not  return  to  the  meridian  on  any  two 
successive  days,  after  precisely  the  same  interval;  so  that  the  chrono- 
meter, whose  hand  returns  to  twelve  'precisely  after  the  same  interval, 
cannot  show  for  any  two  successive  days  the  precise  time  of  the  sun's 
passage,  or  rather  of  the  passage  of  the  meridian  across  it,  and  our  method 
fails.  How  then  shall  we  get  over  the  difficulty?  Thus; — the  difference 
between  the  mean  solar  time  of  noon,  or  twelve  o'clock,  and  the  time 
when  the  sun  actually  comes  to  the  meridian,  may  be  previously  calcu- 
lated for  every  day  of  the  year,  and  it  is  so  calculated  and  registered 
in  the  Nautical  Almanack.  Hence,  therefore,  if  we  have  a  chronometer 
set  by  Greenwich,  which  keeps  true  mean  solar  time,  we  can  tell  by 
reference  to  the  almanack  how  much  before  or  past  twelve  o'clock  it  is  by 
that  chronometer  when  the  meridian  of  Greenwich  passes  over  the  sun ; 
and  observing  when  the  meridian  of  the  place  where  we  are  passes  over 
the  sun,  we  have  the  difference  of  the  times  of  the  two  transits,  and  allow- 
ing 15°  2'  27*847"  for  every  hour,  or  15'  2-041"  for  every  minute  of  this 
time,  we  obtain  at  once  the  longitude  of  the  place.  The  reason  why 
we  now  allow  somewhat  more  than  15°  for  the  motion  of  the  meridian 
per  hour  is,  that  now  our  chronometer  shows  mean  solar  time,  whereas 
before  we  supposed  it  to  show  sidereal  time.  The  nature  of  this  dif- 
ference will  shortly  be  explained.  But  first  it  will  be  well  to  point  out 
certain  methods  by  which  the  longitude  may  be  determined,  which  do 
not  depend  for  their  accuracy,  as  these  do,  upon  the  rates  of  chrono- 
meters. It  is  very  important  to  have  such  means,  because,  after  a  long 
period  of  time  has  elapsed,  it  is  scarcely  possible  but  that  the  greater 
portion,  if  not  all  of  the  chronometers  may  have  failed,  and  the  true 
time  have  been  lost.  Or  it  may  be  necessary  to  determine  the  longi- 
tude of  a  distant  place  with  greater  precision  than  any  chronometer  can 
possibly  give  it. 

All  that  we  want  to  determine  is,  on  any  day,  when  we  are  at  a 
distant  place,  the  precise  moment  when  the  meridian  of  Greenwich 
passed,  that  day,  over  the  sun.  Now  suppose  that  precisely  at  that 
moment  they  threw  up  a  rocket  at  Greenwich  which  we  could  see  at  the 
place  of  our  observation :  this  would  completely  answer  our  purpose, 
for  looking  at  the  clock  when  we  saw  this  rocket,  and  observing  the 
precise  moment  by  the  same  clock  when  the  meridian,  where  we  are, 
passes  the  sun,  the  difference  of  these  times,  properly  reduced,  will 
give  us  the  longitude.  This  rocket  need  not,  however,  be  thrown  up 
precisely  at  the  moment  when  the  meridian  of  Greenwich  passes  the 
sun.     Provided  it  be  agi-eed  on  or  knoAvn  before  precisely  how  many 
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hours,  minutes,  &c.,  it  is  before  or  after  the  meridian  transit  that  the 
rocket  will  be  throAvn  up,  we  are  manifestly  just  as  well  able  to  tell  what 
was  the  precise  moment  of  transit  as  though  the  rocket  went  up  when 
it  actually  took  place. 

Well  now,  instead  of  the  throwing  up  a  rocket,  let  us  suppose  that  the 
astronomer  at  Greenwich  could  put  a  screen  over  the  moon,  or  over  one 
of  the  satellites  of  Jupiter,  precisely  at  a  number  of  hours  before  or  after 
the  transit  of  the  sun  at  GreenAvich,  which  number  of  hours  was  known 
and  agreed  upon  beforehand.  This  phenomenon,  wherever  it  was 
visible,  would  ansAver  the  purpose  of  the  rocket,  and  enable  us  to  tell 
the  time  of  the  transit  of  the  meridian  of  Greenwich ;  comparing  which 
with  our  own,  we  should  know  the  longitude. 

Now  this  is  what  actually  occurs,  except  that  it  is  not  the  hand  of 
the  Astronomer,  but  that  of  God,  which,  at  appointed  seasons,  brings 
darkness  upon  the  face  of  the  moon,  and  causes  night  after  night  one  or 
other  of  the  satellites  of  the  planet  Jupiter  to  plunge  into  his  shadow. 
The  precise  number  of  hours,  minutes,  and  even  seconds,  before  or  after 
the  transit  of  the  sun  at  Greenwich,  when  these  phenomena  occur,  are 
calculated  and  registered  in  the  Nautical  Almanack  ;  and  any  one  observing 
them  at  ever  so  distant  a  place,  can  tell  thus  the  time  of  the  sun  s  transit 
at  Greenwich,  and  observing  his  own',  he  can  thus  find  his  longitude. 

The  eclipses  of  the  sun  or  moon  occur  but  rarely,  so  that  an  oppor- 
tunity of  finding  the  longitude  by  them,  although  certainly  the  best,  is 
very  seldom  presented  to  us.  The  eclipses  of  Jupiter's  satellites  occur 
almost  nightly,  and  these  answer  every  purpose  of  finding  the  longitude 
on  land.  But  at  sea  this  method  fails,  for  it  is  impossible  to  hold  a 
telescope  of  the  required  length  sufficiently  steady  on  ship-board  to  see 
the  satellites  of  Jupiter. 

In  the  failure  of  these  methods,  another  of  great  ingenuity  has 
been  contrived — a  method  which,  in  its  practical  application,  simplified 
as  it  is  by  the  use  of  tables,  presents  little  or  no  difficulty,  but  which,  in 
the  researches  on  which  those  tables  are  based,  constitutes  one  of  the 
greatest  triumphs  that  the  human  intellect  has  in  our  times  achieved. 

The  moon  does  not  rest  among  the  fixed  stars,  but  moves  along  that 
band  of  the  heavens  which  is  called  the  zodiac;  and  it  moves  with  a 
comparatively  rapid  motion,  describing  the  complete  circuit  of  the 
heavens  in  2)''  7''  43'  4",  or  moving  at  the  mean  rate  of  13°  10'  35"  a 
day,  and  32'  56*46"  per  hour.  Thus,  then,  the  moon  is  in  no  two  suc- 
cessive hours  at  the  same  distance  from  any  one  of  the  fixed  stars,  nor, 
indeed,  in  any  two  successive  minutes.  Suppose,  now,  that  the  time 
after  or  before  the  sun's  transit  at  Greenwich,  when  the  moon  would 
be  at  a  given  angular  distance  from  a  certain  fixed  star,  were  calculated, 
and  inserted  in  the  Nautical  Almanack,  and  that  an  observer  at  a  distant 
place,  having  that  almanack,  were  to  observe  when  the  moon  was  at 
that  angular  distance  from  the  star,  (an  observation  Avhich  he  could  very 
readily  make,  even  on  ship-board,  by  means  of  an  instrument  called  a 
sextant,)  he  would  know  precisely  how  far  the  moment  when  this  obser- 
vation was  made,  was  from  the  time  of  the  sun's  transit  at  Greenwich; 
and  having  observed  when  the  sun's  transit  took  place  with  him,  he 
would  thus,  as  before,  have  the  difference  of  longitude. 


Ill 

BOTANICAL  RAMBLES  IN  THE  VICINITY  OF  DOVOR. 

No.  III. 

Having  in  my  two  former  rambles  examined  the  country  to  the  east 
and  north  of  the  town  of  Dover,  I  shall  in  the  present  one  take  the 
reader  in  quite  an  opposite  direction;  and,  starting  from  the  Priory,  we 
will  first  examine  the  fields  which  lay  to  the  right  towards  Buckland, 
then  crossing  over  to  the  hack  of  the  Heights,  we  Avill  search  that  neigh- 
bourhood, and  then  proceed  up  the  valley  towards  Folkstone,  along  the 
high  road.  Having  reached  the  head  of  the  valley,  we  will  descend 
the  clifi^s,  and  examine  Lydden-spout  and  the  under-cliff,  returning  to 
Dover  over  the  downs,  via  Shakspeare's  Cliff.  The  fields  to  the  right  of 
the  Priory  are  mostly  arable,  and  will  yield  us  common  Fool's-parsley 
(^JEthnsa  cijnapium),  Needle-chervil  (Scandix pecfen).  Pansy- violet  {Viola 
tricolor),  annual  Mercury  (Mercurialis  annua),  and  Milk -thistle  (Carduus 
marianus),  with  its  beautifully  veined  leaves.  Crossing  from  these  fields 
to  the  back  of  the  Heights,  we  shall  find  on  the  parts  of  the  down 
adjoining  the  cultivated  ground,  some  good  localities  for  plants;  but  we 
shall  only  have  to  notice  greater  Bumet-saxifrage  (Pimpinella  magna), 
and  hairy  St.  John's-wort  {Hypericum  hirsutum);  the  former  growing  in 
bushy  places,  on  the  slope  of  the  Heights,  and  the  latter  in  and  about  the 
hedge-rows,  surrounding  the  cultivated  ground. 

Returning  now  to  the  Folkstone  road,  we  will  proceed  up  the 
valley,  and  shall  observe  as  we  pass  along,  stinking  Iris,  {Iris  fceti- 
dissima),  nettled-leaved  Bell-flower  (Campanula  Trachelium),  and  com- 
mon Fleabane  [Pidicaria  dysenterica),  on  banks  by  the  road  side.  The 
ripe  seed-vessel  of  Iris  fcetidissima  is  a  very  beautiful  object.  It  opens 
into  three  divisions,  each  displaying  two  rows  of  brilliant  scarlet  seeds, 
and  if  gathered  at  the  proper  time,  the  seeds  will  remain  on  the  divisions 
of  the  seed-vessel  for  a  long  time,  and  form  a  pretty  ornament  in  the 
winter  season,  when  flowers  are  scarce.  In  the  fields  adjoining  the 
road,  particularly  to  the  right  under  some  coppices  which  hang  on  the 
brow  of  the  hill,  nearly  at  the  top  of  the  valley,  we  shall  find  Field 
Scorpion  Grass  [Myosotis  arvensis).  Corn-parsley  [Petroselinum  segelum), 
hedge  Bastard  Stone-parsley  [Sison  Amomum),  red  Campion  [Lychnis 
dioica),  Henbit-nettle  {Lamium  amplexicatile),  lesser  Calamint  [Calaminta 
nepeta),  knotted  Figwort  [Scrophularia  nodosa),  and  bristly  Ox-tongue 
(  Helmin  th  ia  ech  ioides) . 

About  three  miles  on  the  Folkstone  road  we  reach  the  head  of  the 
valley,  and  arrive  on  very  high  ground,  having  to  the  left  a  station-house 
on  the  edge  of  the  cliff.  Here  we  shall  find  a  circuitous  and  steep  path, 
which  will  lead  us  to  the  under-cliff  surrounding  East- Wear  Bay,  (some- 
times called  Folkstone  under-cliff),  and  Lydden-spout.  As  we  descend, 
a  beautiful  scene  presents  itself.  The  under-cliff  lies  stretched  beneath 
us,  extending  to  Folkstone  in  one  direction,  and  for  some  distance  to- 
wards Dover  in  the  other,  formed  of  a  series  of  rounded  chalk  undula- 
tions, covered  with  soft  verdure,  intermingled  here  and  there  Avith  under- 
wood bushes  and  brambles.  A  smooth  and  beautiful  beach  of  sand  and 
shingle  bounds  it  tOAvards  the  sea,  offering  a  most  inviting  spot  to  those 
who  feel  inclined  to  luxuriate  in  the  pleasure  of  a  sea-bath.     The  cliffs 
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on  the  land  side,  not  being  very  perpendicular,  are  covered  in  many- 
places  with  vegetation,  and  offer  a  more  pleasing  outline  to  the  eye  than 
the  precipitous  cliffs  usually  seen  on  this  part  of  the  coast.  The  most 
beautiful  and  wooded  part  of  the  under-cliff  is  that  towards  Dovor,  and 
to  this  we  will  pay  the  most  attention,  for  we  shall  find  more  to  attract 
us  here;  and  if  we  ramble  towards  Folkstone  we  shall  be  straying  too 
far  from  home. 

To  the  right  of  the  path  which  leads  down  the  cliff,  on  some  bushy 
slopes  near  the  bottom  of  the  descent,  we  shall  find  large  beds  of  strong- 
scented  Lettuce  {Lactuca  virosa),  an  useful  medicinal  plant,  but  little 
prepossessing  in  appearance  or  odour,  the  latter  being  very  rank  and 
unpleasant.  A  thick  white  juice  exudes  from  any  wounded  part  of  the 
plant,  which  is  very  troublesome  to  those  who  handle  it;  it  soils  cloth 
very  much,  and  the  stain  is  difiicult  to  remove,  as  I  know  from  expe- 
rience. Continuing  to  the  left  towards  the  beach,  we  shall  come  to  a 
little  stream,  running  out  from  beneath  a  bed  of  clematis  and  brambles, 
close  to  the  sea-shore,  where  it  loses  itself  among  the  shingle.  Brook- 
weed  or  Water  Pimpernel  [Samolus  Valerandi),  grows  near  this  spot,  in 
damp  places;  and  on  the  sloping  banks  on  the  Folkstone  side,  we  shall 
ohserve  wild  Madder  {Rubia  peregrina)^  growing  in  abundance,  and 
pyramidal  Orchis  [Orchis  pyramidalis).  A  little  further  on  in  the  same 
direction,  high  up,  on  a  chalk  slope,  there  is  quite  a  bed  of  smooth  Sea- 
heath  [Frankenia  Icevis),  which  is  well  worth  visiting,  to  observe  this 
plant  growing  in  luxuriance. 

In  my  first  ramble  I  gave  localities  for  the  wild  Madder  and  smooth 
Sea-heath ;  but  as  both  plants  are  rare,  I  have  mentioned  them  here 
again,  as  they  seem  to  grow  more  luxuriantly,  and  be  more  abundant 
than  on  the  other  side  of  Dovor. 

On  and  about  the  sea-shore  common  Ilound's-tongue  (Cynoglossum 
officinale)^  is  to  be  met  with  in  many  places,  and  the  common  wild 
Parsnep  is  most  abundant  in  this  under-cliff,  growing  in  large  beds,  to 
the  no  small  satisfaction  of  myriads  of  insects,  which  enjoy  the  flowers 
when  open. 

The  reader  will  find  by  referring  to  G.  E.  Smith's  Catalogue  of  the 
Plafits  of  South  Kent,  that  several  of  the  Orchis  tribe,  and  other  rare 
plants,  are  to  be  found  in  East-Wear  Bay,  and  at  Lydden-spout;  but 
they  were  all  passed  when  I  had  the  pleasure  of  visiting  this  interesting 
locality. 

We  will  return  from  the  under-cliff  by  the  same  way  we  entered; 
and  when  again  on  the  high  ground,  we  will  turn  our  faces  towards 
Dovor,  and  make  our  way  to  Shakspeare's  Cliff.  In  the  corn-fields  about 
here,  the  wild  Oat  [A vena  fatua),  abounds,  and  grows  to  a  very  large 
size.  It  is  a  tall  and  handsome  grass,  holding  its  head  \dth  pride  over 
the  com  it  grows  amongst.  One  culm  which  I  gathered  was  more  than 
five  feet  high,  and  the  thickest  part  of  it  was  upwards  of  a  quarter  of  an 
inch  in  diameter.  We  all  associate  the  idea  of  Samphire  with  Shaks- 
peare's Cliff,  from  the  celebrated  lines  in  King  Lear.  The  plant  still 
grows  there  in  profusion,  and  the  samphire-gatherer  carries  on  his 
adventurous  trade  of  culling  the  plant  from  the  surface  of  the  cliff, 
letting  himself  down  by  a  rope,  which  passes  over  a  post,  holding  one 
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end  in  his  hands,  and  having  the  other  tied  round  his  waist.  As  we 
descend  from  the  summit  of  this  cliff,  on  the  Dovor  side,  we  shall 
observe  Dyers'  Green- weed  [Genista  tinctoria)  growing;  and  near  the 
bottom  of  the  descent,  in  the  hedges  and  on  the  slopes  near  the  beach, 
we  shall  find  common  Alexanders  [Smyrnium  olusatrum.) 

Our  rambles  in  the  immediate  vicinity  of  Dovor  will  conclude  here ; . 
but  I  shall,  at  a  future  opportunity,  request  the  reader  to  accompany  me 
in  another  ramble  to  Sandwich,  where  I  think  we  shall  find  a  very 
ample  remuneration  for  our  trouble.  Wishing,  however,  to  give  as  much 
information  as  I  can  on  the  localities  of  the  plants  growing  near  Dovor, 
a  friend,  who  collected  there  this  spring,  has  kindly  penned  the  fol- 
lowing observations  for  me.  Most  of  the  specimens  I  have  examined,  to 
ascertain  their  accuracy,  and  I  think  the  localities  may  be  depended  on. 
Marsh  Speedwell  ( Veronica  scuteUata),  moist  places,  East- Wear  Bay ; 
wild  English  Clary,  or  Sage  [Salvia  verbenaca),  under  Shakspeare's  Cliff; 
opposite-leaved  Pond-weed  [Potamogeton  densus,)  water  in  the  lane,  near 
Charlton,  parallel  with  the  London-road ;  Corn  Gromwell  [Lithospermum 
arvense),  close  to  the  I^ondon-road,  beyond  Ewell;  common  Henbane 
(Hyoscyarnus  niger,)  among  the  shingles  on  the  edge  of  the  walk,  along 
the  Marine  Parade,  on  the  rope-walk,  near  Shakspeare's  Cliff,  and  again 
by  the  Martello  towers  at  Folkstone;  Hairy  Violet  [Viola  hirta,)  lanes 
near  Guston;  common  Herb-Paris  [Paris  quadrifolia,)  in  a  shady  lane, 
about  half  a  mile  from  the  entrance  to  Lord  Guildford's  park,  on  the 
Dovor  side;  also  abundantly  where  the  wood  has  been  cut  down  in  the 
same  neighbourhood;  tuberous  Moschatell  [Adoxa  moscJiatellina),  shady 
lane,  just  opposite  Kearsney  Abbey,  near  River;  Sea  Campion  (Silene 
maritima)^  frequent  on  the  coast;  common  Columbine  [Aquilegia  vulgaris,) 
on  the  confines  of  a  retired  wood,  about  half  a  mile  from  the  west  side 
of  the  London-road,  beyond  Ewell,  near  Lydden;  common  Bugle,  white 
variety,  lane  near  Church  Hogham;  yellow  Weasel-snout  (Galeobdolon 
luteum),  in  shady  lanes,  near  Lord  Guildford's  Park,  also  in  those  beyond 
River;  Hairy  Rock-cress  [Arabis  hirsuta),  on  the  sloping  banks  as  you 
ascend  to  the  castle;  tuberous  Orobus  [Orobus  tuberosus^,  on  the  banks 
of  a  field,  about  a  mile  beyond  Kearsney  Abbey;  Spring  Vetch  [Vicia 
lat/iyroides,)  dry  banks  on  the  London- road,  and  close  to  the  sea-shore 
at  Folkstone;  Green-winged  Meadow  Orchis  (^Orchis  Morio),  in  the 
meadow  above  the  cliff,  about  half  a  mile  before  you  reach  Folkstone ; 
early  purple  Orchis  [Orchis  mascula),  in  the  woods  and  hedges  in  every 
direction,  particularly  fine  in  the  w^oods  at  Waldershare;  great  brown- 
winged  Orchis  [Orchis  fusca),  on  a  steep  chalky  hill,  leading  from 
Lydden  to  Waldershare;  Spider  Ophrys  [Ophrys  aranifera),  abundant 
in  East- Wear  Bay,  on  the  under-clifF  and  close  to  the  shingles. 

W.  W.  S. 
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PREVENTION  OF  EXPLOSION  IN  STEAM-BOILERS. 

Analysis  and  Cursory  Examination  of  a  Report,  made  in  conse- 
quence OF  an  Inquiry  into  the  Causes  and  Means  of  Preven- 
tion OF  the  Explosions  of  Steam-boilers;  recently  transmit- 
ted TO  the  Government  of  the  United  States,  by  the  Franklin 
Institute  of  Pennsylvania. 

Public  attention,  in  the  United  States,  having  heen  roused  in  the  most 
painful  manner,  to  the  disastrous  consequences  of  the  frequent  explosions 
of  engine-boilers  on  hoard  steam-hoats  in  that  country,  the  managers  of 
the  Franklin  Institute  of  Pennsylvania  determined  upon  an  inquiry  into 
the  causes  of  these  dreadful  events.  Such  a  philanthropic  determination 
vv^as  in  perfect  harmony  with  the  spirit  and  conduct  of  the  great  man, 
whose  name  they  have  adopted  as  a  distinctive  appellation;  and  if  they 
have  not  hitherto  perfectly  succeeded  in  developing  every  point  of  this 
intricate  inquiry,  they  have  the  distinguished  honour  of  being  the  first 
public  or  private  body  which  has  attempted  an  examination  of  the  sub- 
ject, by  experiments  and  apparatus  on  a  large  scale,  designed  on  purpose 
to  bring  the  more  important  current  opinions  and  theories  to  the  test  of 
actual  proof.  "We  think  that  even  their  omissions,  failures,  and  mistakes, 
may  be  of  benefit;  they  may  excite  further  examination,  provoke  discus- 
sion, and  tempt  new  trains  of  investigation.  The  disagreement  also  of 
their  results,  with  those  of  some  eminent  European  experimentalists 
who  have  preceded  them,  will  impose  the  duty  of  a  re- examination  upon 
the  latter,  in  those  instances,  at  least,  to  which  the  members  of  the 
Franklin  Institute  seem,  on  their  part,  to  have  bestowed  the  most  scru- 
pulous attention. 

In  a  country  which,  from  its  hydrographical  advantages,  is  so  deeply 
interested  in  the  extension  and  prosperity  of  steam-navigation,  it  was  re- 
markable, that  an  inquiry  of  this  importance,  rendered  imperiously  neces- 
sary by  the  repeated  destruction  of  life  and  property  all  over  the  Union, 
should  have  been  delayed  so  long.  The  general  government  certainly 
ought  to  have  instituted,  much  earlier,  a  minute  examination  into  all 
the  causes  of  these  murderous  accidents,  and  immediately  prevented  their 
recurrence,  as  far  as  police-regulations  could  have  been  eifective.  They 
ought  then  to  have  gone  further,  and  obtained  a  carle  blanche  upon  the 
treasury,  to  enable  them  to  invite  the  assistance  of  the  most  eminent 
scientific  and  practical  men,  European  as  well  as  American,  and  to  direct 
them  to  examine  the  evil  in  every  form,  and  never  to  relax  their  labours 
until  they  had  discovered  such  specific  means  of  prevention  as  would 
render  the  most  colossal  steam-generator  as  innocuous  as  a  tea-urn. 
They  should  not  have  permitted  a  self-sustained  society  to  drain  its 
little  exchequer,  and  to  call  upon  a  few  able  men  among  its  members,  to 
devote  their  leisure  hours  or  sacrifice  their  professional  ones,  to  under- 
take a  work,  which  to  be  effective  must  necessarily  be  long,  laborious,  and 
costly;  demanding  considerable  scientific  attainment,  great  practical  skill, 
and  unremitting  attention. 

It  is  not  too  much  to  say,  that  to  have  completely  accomplished  this 
object,  would,  in  the  present  rapidly  and  widely-spreading  extension  of 
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steam-navigation,  have  been  a  benefit  to  the  whole  human  race.  It 
would  certainly  have  conferred  a  reputation  of  disinterested  pursuit  of 
principle  to  the  United  States,  which  they  have  been  reproached  with 
neglecting,  and  which  every  admirer  of  their  free  institutions  would  wish 
them  to  enjoy.  President  Jackson  and  some  of  his  fellow-citizens 
"  down  East,"  may  be  surprised  when  they  hear  it  asserted,  that  the 
extinction  of  the  national  debt  might  have  been  honourably  delayed  a 
few  days  for  such  a  noble  purpose. 

We  may  be  reminded  that  in  an  earlier  part  of  this  Magazine*,  we 
cited  the  conduct  of  the  United  States'  government  in  this  very  matter, 
as  one  deserving  of  honourable  mention:  we  had  then  seen  the  introduc- 
tory part  only  of  the  Report  under  consideration.  We  now  see  in  the 
preface  to  this  Report,  (which  the  committee  have,  oddly  enough,  thought 
proper  to  append  to  it,)  that  it  was  not  until  after  the  resolution  had 
been  moved  and  passed  by  the  managers  of  the  Franklin  Institute,  and 
while  their  committee  were  engaged  in  the  inquiries,  that  a  letter  was 
received  from  the  secretary  of  the  treasury,  inviting  experiments  on  the 
subject  of  explosions  of  steam-boilers,  at  the  expense  of  the  treasury 
department,  the  house  of  representatives  having  placed  funds  for  this 
purpose  at  the  disposal  of  the  department.  But  "  better  late  than  never," 
and  we  believe  the  general  government  of  the  United  States  has  yet  the 
imdisputed  honour  of  being  first  (as  a  government)  in  this  important 
examination.  Who  will  be  the  second?  We  know  who  ought  to  be, 
and  to  whom  it  is  a  disgrace  that  they  were  not  foremost  to  discuss  and 
to  attain  this  important  desideratum, — we  mean  the  British  government. 
They  cannot  plead  the  fear  of  a  want  of  funds,  unexampled  opportunities 
for  actual  observation  and  experiment  are  within  their  command, — and 
there  is  close  at  hand,  to  advise  and  to  assist,  the  Institution  of  Civil 
Engineers  of  London,  an  association  of  men  who,  from  their  daily 
pursuits,  their  peculiar  position,  their  varied  intelligence,  and  their 
practical  experience,  would  probably  be  superior  for  this  purpose  to  any 
other  body  in  existence. 

We  proceed  to  describe  what  was  attempted  by  the  Franklin  Institute. 
On  the  10th  of  June,  1830,  the  managers  appointed  a  committee  of 
seventeen  members,  "  to  examine  into  the  causes  of  the  explosions  of 
the  boilers  used  on  board  steam-boats,  and  to  devise  the  most  effectual 
means  of  preventing  the  accidents,  or  of  diminishing  the  extent  of  their 
injurious  effects."  The  names  of  these  seventeen  gentlemen  are  given, 
but,  (except  in  the  case  of  four  M.D.s,)  their  several  professions,  em- 
ployments, or  pursuits,  and  their  qualifications  for  this  particular  pur- 
pose, are  not  mentioned.  The  only  person  t  whose  scientific  reputation 
has  been  sufficiently  extensive  to  reach  Europe,  was  lately  in  this  country, 
and  openly  stated  that  he  never  attended  a  single  experiment. 

The  committee,  soon  after  their  appointment,  took  a  proper  step 
to  obtain  the  most  valuable  kind  of  information.  They  addressed  a 
circular  to  such  persons  as  they  supposed  were  acquainted  with  the 
particulars  of  such  explosions,  as  were  up  to  that  period  undescribed; 
and  though  they  published  the    knowledge   they  so   obtained  in   the 

•  Vol.  I.,  p.  341. 

•f  Robert  Hare,  M.D,,  Professor  of  Chemistry  in  the  University  of  Philadelphia. 
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half  full  of  water,  and  applying  heat  below  to  raise  the  water  to  any 
required  temperature;  the  upper  half  of  the  boiler  would  be  filled  with 
steam  of  an  elasticity  due  to  that  temperature,  this  elasticity  being  mea- 
sured by  the  gauge.  Fire  being  now  placed  upon  the  top  would  heat 
the  metal  of  the  upper  half  of  the  boiler;  and  this,  by  commimicating  its 
heat  to  the  steam,  would  surcharge  the  latter*." 

The  result  of  this  investigation  we  give  in  the  words  of  the  sub- 
committee. "  In  no  case  was  an  increase  of  elasticity  produced  by  in- 
jecting water  into  hot  and  unsaturated  steam,  but  the  reverse;  and  in 
general,  that  the  greater  the  quantity  of  water  thus  introduced,  the  more 
considerable  was  the  diminution  in  the  elasticity  of  the  steam."  This 
supposition  of  the  contrary,  they  state  to  be  the  basis  of  the  theory  of 
the  explosion  of  steam-boilers  of  their  countryman,  Perkins.  They  appear 
to  feel  some  satisfaction  in  the  idea  that  they  have  demolished  it.  It 
was  not,  however,  accomplished  without  some  inconvenience;  for  the 
sub -committee,  "  being  unwilling  to  incur  any  considerable  expenditure 
in  this  branch  of  their  inquiry,  the  experiments  were  rendered  uncom- 
f or  table  f  beyond  anything  which  occurred  in  their  other  researches  J" 

It  is  scarcely  credible,  but  the  temperature  of  the  water  in  the  boiler 
beneath  the  steam  was  not  thought  suflSciently  important  to  be  noted. 

Sub  J.  IV. —  When  steam,  surcharged  tvith  heat,  is  produced  in  a  boiler, 
and  is  in  contact  vdth  water,  does  it  remain  surcharged,  or  change  its  density 
and  temperature  f 

This  is  subsequently  restated  thus  : — 

When  steam,  surcharged  with  heat,  is  produced  within  a  bailer  by  the 
contact  with  heated  metal,  does  this  steam  remain  surcharged,  or  does  it  take 
up  water  from  contact  toith  that  in  the  boiler,  and  become  saturated  steam  ? 
If  the  latter  supposition  be  correct,  at  what  pressure  and  temperature,  toith 
regard  to  the  temperature  of  the  surcharged  steam,  and  to  that  of  the  water 
on  which  it  rests  ? 

After  this  parade  of  stating  and  restating,  the  sub-committe  did  not 
make  one  experiment  on  this  subject.     They  decide  upon  the  uncom- 


*  To  assist  those  readers  who  may  not 
see,  at  once,  how  that  which  is  surcharged 
can  at  the  same  time  be  unsaturated,  we 
give  an  explanation  of  what  is  meant 
by  "  surcharged  steam,"  "  unsaturated 
steam,"  so  frequently  used  in  this  report, 
(without  any  reason,  but  on  the  contrary) 
to  express  the  same  substance  under  the 
same  circumstances.  We,  however,  de- 
cline attempting  to  give  precision  to  such 
expressions  as  "  hot  fire,"  "  hot  steam," 
&c.,  which  also  occur. 

Steam  is  said  to  be  satiu^tcd,  («.  e.  with 


in  the  conditions  of  case  a,  above  stated, 
water  continues  to  be  evolved ;  or  (d)  if, 
in  those  of  case  b,  its  temperature  may  be 
reduced  without  deposition. 

Steam  is  said  to  be  surcharged  («.  e.  with 
heat)  when  in  the  cases  c  and  d  above ; 
for  it  then  contains  more  heat  than  is 
necessary  to  hold  the  vaporized  water  in 
a  state  of  steam,  and  wliich  heat  will  imite 
with  other  water  if  it  be  exposed  to  it. 

Steam  is  not  considered  surcharged  when 
in  the  cases  a  and  b  above,  for  every  par- 
ticle of  heat  it  then  contams,  is  holding  a 


water),  when  (a),  supposing  it  to  be  in  a  |  particle  of  water  in  a  state  of  steam ;  and 
vessel  agitated  with  water,  and  the  tem-  i  if  a  particle  of  heat  be  abstracted,  its  co- 
pcrature  of  both  to  be  maintained  constant,  ;  particle  of  water  will  be  set  free,  and  a 
no  further  evolution  of  water  into  steam  i  certain  volume  of  steam  annihilated- 
takes  place,  however  long  these  circum-  I 

stances  may  be  continued ;  or  (b),  if  on  •{•  As  we  would  not  wantonly  be  the 
the  smallest  diminution  of  the  temperature  j  means  of  making  this  sub-committee  un- 
of  a  volume  of  steam,  under  any  eireiun-  comfortable  again,  we  acknowledge  that 
stances,  a  deposition  of  water  ensues.  j  we  have  put  this  word  in  Italics  in  the 

Steam  is  said  to  be  luisaturated  (c),  if  I  quotation. 
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fortable  experiments  of  the  preceding  investigation,  tainted  as  they  then 
were  by  the  capital  omission  of  the  condition  of  the  water,  and  absolutely 
vitiated  by  it  for  any  conclusion  on  this  subject.  They  rather  boldly 
state  that  there  is  nothing  to  warrant  the  belief,  that  with  steam  and 
water,  under  these  circumstances,  there  is  any  condensation  of  the  former 
by  the  latter. 

SuBj.  V. — To  test  by  experiment,  the  efficacy  of  plates,  <^c.  of  fusible 
metal,  as  a  means  of  preventing  the  undue  heating  of  a  boiler,  or  its  contents. 

Considerable  pains  were  taken  by  the  sub-committee  on  this  subject. 
As  no  other  information  on  the  proportions  of  the  alloys  used  in  fusible 
metals  were  in  their  possession,  than  those  given  in  Parkes's  Chemical 
Essays,  they  made  numerous  experiments  to  ascertain  the  most  useful. 
Though  the  sub-committee  do  not  say  it  expressly,  it  may  be  presumed 
that  they  consider  plates,  &c.  of  fusible  metal  efficacious  for  the  purpose 
in  view.  They  consider  that  the  precaution  of  making  the  fusible  plates, 
&c.  of  considerable  thickness,  as  required  by  the  French  government  in  an 
ordinance  issued  subsequently  to  that  in  which  they  were  first  described, 
would  not  prove  the  remedy  intended.  And  then  follows  this  receipt  for 
a  true  remedy :  "  The  true  remedy  is  to  be  sought  in  enclosing  the  fusible 
metal  in  a  case,  in  which  it  shall  not  be  exposed  to  the  pressure  of  the 
steam,  but  only  to  its  heating  effect :  the  more  fluid  parts  of  the  metal 
will  not  then  be  exposed  to  be  forced  out  of  the  mass ;  and  the  whole 
will  become  fluid,  as  if  exposed  to  heat  in  a  crucible." 

No  doubt!  there  can  be  no  doubt  of  this  efiect  occurring, — the  most 
perfect  fluidity  may  certainly  be  obtained,  but  cut  bono? — for  what  pur- 
pose ? — the  metal  is  in  a  case !  not  exposed  to  the  pressure  of  the  steam ! 
How  theii  is  it  to  act  efficaciously  as  a  means  of  relief  to  a  boiler  danger- 
ously increasing  in  temperature  ?  How  is  it  to  act  at  all,  though  fluid  as 
in  a  crucible  ? 

It  may  become  as  fluid  as  "  empyreal  air"  if  the  boiler  will  with- 
stand the  pressure  correspondent  to  the  necessary  temperature ;  but  if  the 
boiler  yield  in  the  process,  will  the  fluidity  of  the  "  true  remedy"  solidify 
the  eruptive  steam?  or  in  what  other  magical  and  unknown  manner  will 
it  cure  the  prodigious  mischiefs  which  it  was  the  object  of  all  the  investi- 
gations to  prevent  ?  There  must  be  a  district  of  Pennsylvania  where  the 
shamrock  is  worn*! 

SuBJ.  VI, — To  repeat  the  experiments  of  Klaproth,  relating  to  the  con- 
version of  water  into  steam,  by  highly-heated  metal. 

Klaproth  is  here  introduced  again,  but,  as  in  Subj.  II.,  no  further 
notice  is  taken  of  him,  nor  is  any  other  allusion  made  to  his  experiments. 

The  metals  experimented  upon  by  the  sub-committee  were  copper, 
and  iron,  both  cast  and  wrought,  of  various  thicknesses,  formed  into 
circular  bowls,  about  five  and  a  quarter  inches  in  diameter  and  three 
inches  deep.     The  surfaces  of  the  interiors  of  these  bowls  were,  in  some 


*  We  cannot  help  thinking  that  the 
following  parallel  case  of  a  "  true  remedy  " 
would  be  prescribed  by  this  sub-com- 
mittee, if  the  question  were  presented  to 
them.     Suppose  a  man  has  a  box  which 


can  only  be  opened  by  a  certain  crooked 
sixpence ;  what  is  the  best  way  of  being 
sure  to  have  the  sixpence  always  at  hand 
when  wanted  ?  Answer :  Shut  it  up  in 
the  box ! — Enclose  the  metal  in  a  case  I 
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cases,  polished,  in  others,  merely  smooth,  and  some  were  roilghened,  morfe 
or  less,  by  oxydation.  The  water  was  first  applied  in  drops,  and  after- 
wards in  increasing  quantities,  up  to  two  fluid  ounces  troy.  The  experi- 
ments were  numerous,  and  the  following  are  the  conclusions  drawn  from 
them  by  the  sub-committee.  We  have  given  them  at  length,  because 
we  intend  to  return  to  this  part  of  the  subject,  as  we  have  grounds  for 
thinking  that  the  sub-committee  have  been  led  to  place  the  maxima  of 
vaporization  too  low. 

"  The  vaporizing  power  of  copper,  when  supplied  with  heat  by  a  bad 
conductor  or  circulator,  such  as  oil,  increases  with  great  regularity  as  the 
temperature  increases,  up  to  a  certain  point,  the  water  being  supposed  thrown 
upon  the  copper  surface,  in  small  quantities.  Copper  flues,  heated  by  air 
passing  through  them,  would  be  in  this  condition  if  left  bare  of  water,  and 
then  suddenly  wet.  This  holds  with  copper  isth  of  an  inch  thick,  without 
indication  that  a  limit  will  be  attained  by  a  much  more  considerable  thick- 
ness. The  temperature  at  which  the  metal  will  have  the  greatest  vaporizing 
power,  is  about  570°  Fahr.,  or  about  230°  below  redness,  according  to  Daniell. 
"  The  law  of  vaporization  of  small  quantities  of  water,  by  a  given  thick- 
ness of  copper,  is  represented  with  singular  closeness  by  an  ellipse,  of  which 
the  temperatures  represent  the  abscissse,  and  the  times  of  vaporization  the 
difference  between  a  constant  quantity  and  the  ordinates, 

"  The  same  power  in  thin  iron,  .04  (3^5)  inch  thick,  increased  regularly, 
and  was  at  a  maximum,  probably,  at  510°.  With  thicker  metal  the  power 
increases  more  rapidly  at  the  lower  temperatures,  and  varies  veiy  little,  com- 
paratively, above  380°,  with  thicknesses  exceeding  gth,  and  less  than  ith  of 
an  inch;  attaining  a  maximum  at  about  507°  Fahr.,  when  the  quantities  are 
small ;  rising  to  550°,  and  much  above,  as  the  quantity  of  water  is  increased 
relatively  to  the  surface  of  the  metal  which  is  exposed.  Quadrupling  the 
quantity  of  water,  the  entire  amount  being  still  small,  nearly  tripled  the  time 
of  vaporization  at  the  maximum. 

"  When  copper  of  tsth  of  an  inch  in  thickness,  was  supplied  with  heat 
by  melted  tin,  a  worse  conductor,  and  having  a  lower  specific  heat  than  copper 
itself,  the  time  of  vaporization,  in  a  spherical  bowl,  of  quantities  varying  from 
Tgth  to  ^  of  the  entire  capacity  of  the  bowl,  increased  but  three-fold,  and  the 
temperature  of  greatest  evaporation  was  raised  but  56°,  or  from  470°  to  526°. 
When  the  bowl  had  half  of  the  portion  which  was  exposed  to  heat  filled,  the 
weight  of  the  water  was  about  one  and  one-tenth  of  that  of  the  metal. 

"  The  times  of  vaporization  of  different  quantities  of  water,  varying  from 
^th  of  an  ounce  to  two  ounces,  in  an  iron  bowl  ith  of  an  inch  thick,  and  supplied 
with  heat  by  the  tin-bath,  were  sensibly,  as  the  square  roots  of  the  quantities, 
at  the  temperatures  of  maximum  vaporization  for  each  quantity. 

"  These  temperatures  were  raised  from  about  460°  to  600°,  by  increasing 
the  weight  of  water  about  sixteen  times,  indicating  that  considerable  quantities 
of  water,  thrown  upon  heated  metal,  will  be  most  rapidly  vaporized  when  the 
metal  is  at  least  200°  below  a  red  heat. 

"  While  a  red  heat,  visible  in  daylight,  given  to  a  metal,  even  when  very 
thick,  and  supplied  by  heat  from  a  glowing  charcoal  fire,  does  not  prevent 
water,  when  thrown  in  considerable  quantities,  from  cooling  it  down  so  as  to 
vaporize  the  water  very  rapidly,  it  is  much  above  the  temperature  at  which 
the  water  thrown  upon  the  metal  will  be  most  rapidly  evaporated.  Thus  one 
ounce  of  water  was  vaporized  in  13  seconds,  at  about  550°,  in  a  wrought-iron 
bowl  5  of  an  inch  thick,  and  required  115  seconds  to  vaporize  in  a  cast-iron 
bowl  5  an  inch  thick,  at  a  red  heat.     Four  ounces  in  the  latter  bowl  vaporized 
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in  about  300  seconds,  the  bowl  being  red-hot  when  it  was  introduced ;  and 
two  ounces  vaporized  in  34  seconds  at  600°  Fahr. 

"  The  temperature  of  greatest  vaporization,  with  a  given  thickness  of 
metal,  is  lower  in  copper  than  in  iron,  the  repulsive  force  being  developed  at  a 
lower  temperature.  With  equal  thicknesses  of  iron  and  copper,  the  vaporizing 
power  of  the  latter  metal,  at  its  maximum  was,  with  the  oil-bath,  one-third 
greater  than  that  of  the  former,  and  with  the  tin-bath  the  power  of  copper  .07 
of  an  inch  thick,  was  equal,  nearly,  to  that  of  iron,  ith  of  an  inch  thick,  each 
being  taken  at  its  maximum  of  vaporization,  for  the  diiferent  quantities  of 
fluid  employed.  As  the  maxima  for  the  iron  are  higher  than  those  for  the 
copper,  the  advantage  will  be  still  greater  in  favour  of  copper  when  the  two 
metals  are  at  equal  temperatures. 

"  The  general  effect  of  roughness  of  surface  is  to  raise  the  temperature  at 
which  the  maximum  vaporization  occurs,  and  to  diminish  the  time  of  vapo- 
rization of  a  given  quantity  of  water  at  an  assumed  temperature  below  the 
maximum." 

SuBj.  VII. — To  determine  by  actual  experiment  whether  any  permanently 
elastic  fluids  are  produced  u-ithin  a  boiler,  when  the  metal  becomes  intensely 
heated. 

The  experiments  made  upon  this  important  part  of  the  inquiry  are 
considered  as  satisfactorily  demonstrating  that  the  water  in  a  steam-boiler, 
in  contact  with  heated  iron,  whose  surface  is  in  the  ordinary  state  clean, 
but  not  bright,  is  not  decomposed  by  the  metal. 

This  is  another  conclusion  in  direct  opposition  to  the  doctrine  Mr. 
Perkins  has  been  teaching  for  years.  We  shall  be  glad  to  hear  whether 
he  acknowledges  or  disputes  this  opinion,  after  he  has  examined  the 
experiments  and  the  reasoning  of  his  countrymen. 

It  is  true,  that  in  some  of  these  experiments  nitrogen  gas,  with  a 
variable  quantity  of  oxygen,  was  obtained  from  the  boiler ;  and  in  others, 
carburetted  hydrogen  made  its  appearance:  but,  however,  both  of  these 
were  traced  to  their  sources, — the  first  was  furnished  by  some  atmo- 
spheric air  which  had  leaked  into  the  boiler, — and  the  second  proceeded 
from  the  decomposition  of  the  packing  of  the  hand-hole. 

SuBJ.  VIII. — To  observe  accurately  the  sort  of  bursting  produced  by  a 
gradual  increase  of  pressure  within  cylinders  of  iron  and  copper. 

Two  experiments  only  were  made  on  this  subject,  but  these  were 
considered  by  the  sub-committee  to  have  furnished  such  ample  and  correct 
means  of  observation,  that  it  was  not  deemed  necessary  to  institute  any 
other,  "  especially  as  they  were  tedious,  and  not  without  danger '" 

Two  cylinders,  one  of  iron  and  the  other  of  copper,  partially  filled 
with  water,  were  exposed  to  heat.  This  was  urged  and  continued,  in 
both  cases,  until  the  cylinders  burst  suddenly  with  noise,  the  force  of 
the  escaping  steam  being  great  enough  to  drive  them  from  their  position 
to  a  considerable  distance,  and  scattering  the  fuel,  &c.  in  all  directions. 

The  sub-committee  were  of  opinion,  that  these  effects  were  directly 
conclusive,  and  showed  that  "  all  the  circumstances  attending  the  most 
violent  explosions  may  occur  without  a  sudden  increase  of  pressure  within  > 
a  boiler." 

SuBJ.  IX. — To  repeat  Perkins's  experiments,  and  ascertain  whether  the 
repulsion,  stated  by  him  to  exist  between  the  particles  of  intensely-heated  iron 
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and  water,  be  general;  and  to  measure,  if  possible,  the  extent  of  this  repul- 
sion, with  a  view  to  determine  the  influence  it  may  have  on  safety-valves. 

The  only  experiment  of  Mr.  Perkins's  which  was  attempted  to  be 
repeated,  and  that  unsuccessfully,  was  the  one  in  which  an  opening 
having  been  made  in  one  of  his  generators,  containing  intensely-heated 
water  in  contact  with  red-hot  metal,  neither  steam  nor  water  escaped, 
and  in  which,  having  affixed  a  pipe  and  stop-cock  to  the  same  vessel,  no 
steam  issued  through  the  cock  when  opened. 

Terrified  by  the  explosion  of  a  wrought-iron  mercury-bottle  in  a  stone- 
quarry,  the  sub-committee  were  content  with  the  following  safer  experi- 
ments; but  these  are  interesting,  and  we  give  them  as  reported.  As  far  as 
they  were  carried,  they  certainly  support  the  assertions  of  Mr.  Perkins. 

"  An  iron  bowl,  about  I'sth  of  an  inch  thick,  and  having  the  bottom  per- 
forated with  small  holes,  was  heated  to  redness  over  a  charcoal  fire,  and  water 
poured  into  it ;  the  mass  of  metal  being  small,  was  cooled  down  very  rapidy 
to  a  temperature  below  redness,  and  the  repulsion  which  was  at  first  mani- 
fested between  the  water  and  iron  ceased,  and  the  water  flowed  rapidly  through 
the  apertures.  Two  thicker  bowls  were  provided,  one  of  wrought-iron,  fths  of 
an  inch  thick,  and  the  other  of  cast-iron,  seven-sixteenths  of  an  inch  thick  ;  the 
bottom  of  each  was  perforated  with  holes,  about  .04  of  an  inch  in  diameter. 
When  placed  over  a  charcoal  fire  and  heated  to  redness,  water  poured  in  so 
as  to  fill  the  bowls,  reduced  the  temperature  of  the  wrought-iron  one  most 
rapidly ;  but  until  the  reduction  was  effected,  the  results  were  the  same  as  those 
for  the  cast-iron  bowl.  In  this  latter  the  water  rested  upon  the  bottom  with- 
out passing  through  the  holes,  'either  as  water  or  as  steam ;  steam  formed 
slowly  and  escaped  from  the  upper  surface,  the  whole  fluid  being  at  a  tempe- 
rature below  the  boiling-point.  The  openings  were  distinctly  to  be  seen,  and 
appeared  by  measurement  to  have  contracted  about  ^th  part  of  their  diameter; 
but  the  repulsion  was  such  as  to  render  the  escape  of  the  water  quite  as  dif- 
ficult, and  indeed  more  difficult,  than  that  of  mercury  at  ordinary  temperatures. 
Removing  the  vessel  from  the  fire,  the  water  remaining  in  it,  as  the  material 
cooled  below  redness,  small  particles  of  water  came  through  at  intervals ;  at  a 
lower  temperature  large  drops  collected,  which  finally  united  into  a  full  stream. 
Some  rude  measurements  of  the  quantity  of  water  which  came  through  when 
the  iron  was  heated  in  water  at  different  temperatures,  showed  a  striking 
diminution  at  the  higher  temperatures.  These  results  were  obviously  not 
produced  by  the  closing  of  the  apertures  as  the  bowl  expanded  by  heat,  the 
openings  being  distinctly  visible  at  a  red  heat. 

"The  measurements  referred  to  above  were  as  follows:  at  58°,  Z%  fluid 
ounces  of  water  passed  through  the  holes,  in  the  cast-iron  bowl  above  referred 
to,  in  thirty  seconds ;  the  whole  quantity  of  water  added,  being  four  ounces. 

"  In  another  experiment  at  60°,  Z\  fluid  oz.  passed.  Water,  at  between 
58°  and  60°  being  thrown  into  a  bowl,  previously  heated  to  82°,  3?  fluid  ozs. 
passed  through ;  when  heated  to  1 1^'^,  2s  oz.  passed  in  the  same  time,  and 
when  heated  to  660°  about  2t5  oz. 

"  In  another  series,  the  same  bowl  being  heated  to  redness,  four  fluid 
ounces  of  water  thrown  in  were  perfectly  repelled  for  fifteen  seconds,  and 
at  the  end  of  half  a  minute  only  |ths  of  an  ounce  had  flowed  through  the 
openings. 

"  Of  a  second  quantity  of  four  ounces  thrown  into  the  bowl  thus  cooled, 
l/j  oz.  passed  in  thirty  seconds,  next  1\  oz.  in  the  same  time. 

"  These  experiments  show  that  the  amount  of  the  force  of  repulsion 
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between  water  and  heated  metal,  is  measurable  even  at  moderate  tempera- 
tures, and  rapidly  increases  with  the  intrease  of  temperature  of  the  metal ; 
the  temperature  of  the  water  being,  in  each  case  of  the  last  set  of  experi- 
ments, nearly  the  same.  They  confirm,  in  this  respect,  the  results  of  the 
vaporization  of  water  by  metal  at  different  temperatures. 

"  The  pressure  of  the  column  of  water  which  was  supported  over  the 
lowest  of  these  openings  at  a  temperature  between  660°  and  a  red  heat,  or 
800°,  was  less  than  one  inch  and  a  half  of  water." 

We  find  no  observation  upon  the  "  influence  this  species  of  repulsion 
may  have  on  safety-valves." 

SuBJ.  X. — To  ascertain  whether  cases  may  really  occur  where  the  safety- 
valve,  loaded  vnth  a  certain  weight,  remains  stationary,  while  the  confined 
steam  acquires  a  higher  elastic  force  than  that  which  from  calculation  would 
appear  necessary  to  rai^e  the  valve. 

The  disk-valve  only,  and  of  one  size  only,  was  subjected  to  experi- 
ment. The  diameter  of  this  and  of  its  seat  are  given,  but  not  of  the 
aperture*,  which  it  closed.  So  far  as  we  can  draw  any  conclusion  (for 
the  sub-committee  themselves  draw  none),  from  the  experiments  detailed, 
relating  to  the  subject  under  investigation,  no  case  of  the  kind  referred  to 
occurred ;  on  the  contrary,  the  valve  observed  was  never  stationary,  but 
uniformly  rose  with  a  less  weight  upon  it  than  that  given  by  calculation. 

We  think  that  the  sub-committee  have  scarcely  touched  this  most 
interesting  part  of  the  subject.  We  wish  they  had  exhausted  it;  for  if 
the  case  stated  in  the  proposition  does  ever  occur,  the  conditions  of  it  are 
certainly  unknown,  and  the  terra  safety-valve  ought  not  at  present  to  be 
applied  to  this  apparatus.  It  is  clearly  a  case  of  misnomer,  and  may  be 
deceptive  to  an  extent  of  danger  not  yet  appreciated. 

Sub  J.  XI. — To  ascertain,  by  direct  experiment,  the  effect  of  deposits  in 
boilers. 

The  sub-committee  made  no  experiments  on  this  subject.  They 
give  a  few  generalizations,  deduced  from  the  examination  of  some  deposits 
of  steam-boat-boilers,  but  they  contain  nothing  new;  and  the  sub-com- 
mittee suggest  no  means  of  preventing,  or  of  curing,  the  mischiefs 
produced. 

Sub  J.  XII. — On  the  elastic  force  of  steam  on  working  pressures. 

The  highest  reputed  working-pressure  of  high-pressure  engines  in 
the  United  States,  is  eleven  atmospheres.  The  sub-committee  succeeded 
in  experimenting  up  to  ten. 

As  the  sub-committee  had  designed  and  constructed  that  part  of 
the  apparatus  which  was  used  on  this  subject  of  experiment,  with  the 
greatest  care,  they  were  surprised  to  find  a  considerable  discrepancy 
between  their  results  and  those  obtained  and  published  by  the  Institute 
of  France.  As  the  difference  was  too  considerable  to  be  admitted  as 
within  the  limit  of  error  in  the  apparatus  or  in  observation,  the  sub- 
committee, feeling  the  great  weight  of  such  an  opposing  authority,  were 
led  to  re-examine  their  apparatus,  their  mode  of  observation,  and  their 
results,  very  closely.     After  a  severe  scrutiny,  the  sub-committee  found 

*  Unless  in  Pennsylvania  "  valve-seat"  means  "  aperture." 


124 


EXPLOSION  OP  STEAM-BOILERS. 


no  reason  to  suspect  any  mistake  on  their  part;  and  the  discrepancy  be- 
tween the  observations  on  the  temperature  and  corresponding  pressure 
of  steam,  made  by  the  Franklin  Institute  of  Pennsylvania  and  the  Aca- 
demy of  Sciences  of  Paris,  remains  to  be  examined,  and  the  true  relation 
to  be  pointed  out  by  some  future  experimenters. 

The  following  table  contains  the  results  of  the  labours  of  the  sub- 
committee of  the  Franklin  Institute;  annexed  are  those  of  the  French 
Academicians.  The  fourth  column  shows  the  difference  between  them; 
the  temperatures  of  the  Philadiilphians  being  always  lower  than  those 
of  the  French: — 

Table  of  Pressures  and  Corresponding  Tensions  of  Steam. 
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The  sub-committee  conclude  this  subject  by  observing,  "  That  while 
the  differences  in  the  results  of  experimenters  are  greater  than  the  present 
state  of  experimental  science  warrants,  yet  at  pressures  even  exceeding 
ordinary  working-pressures,  the  relation  of  the  temperature  and  pressure  of 
steam  may  be  considered,  in  a  practical  point  of  view,  as  sufficiently 
determined." 

We  cannot,  in  justice,  conclude  our  abstract  of  this  report,  without 
expressing  a  high  sense  of  the  labour  and  perseverance  which  are  dis- 
played in  it;  and  though  open  to  the  remarks  which  wc  have  freely 
made,  it  is  a  valuable  specimen  of  the  services  that  may  be  rendered  to 
practical  science,  by  associations  like  the  Franklin  Institute,  when  the 
love  of  the  subject  is  really  existing  among  the  members. 

We  must  also  say  to  the  general  government  of  the  United  States, 
that  they  must  not  consider  that  they  achieved  anything  which  shall  acquit 
them  of  all  further  contribution  to  this,  and  many  other  momentous 
subjects  of  scientific  inquiry,  merely  because  they  have  simply  aided  a 
most  meritorious  society  of  their  countrymen  in  defraying  some  of  the 
expenses  incurred.  They  are  in  a  position,  and  fortunately  it  is  their 
interest,  to  do  a  great  deal  more;  and  we  request  our  Trans-atlantic 
brethren  to  lose  no  time  in  agitating,  not  only  the  general  government, 
but  also  every  one  of  the  state  governments,  until  each  is  doing  some- 
thing for  the  great  cause. 

We  now  wait  for  the  experiments,  &c.,  of  the  sub-committee,  on 
the  strength  of  iron  and  copper  used  for  steam-boilers;  and  then  we 
shall  be  anxious  for  the  report  of  the  general  committee.  The  latter 
will,  of  course,  embrace  the  whole  subject  for  which  they  were  ap- 
pointed in  1830. 
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ON  EVAPORATION,  VAPORIZATION,  AND 
CONDENSATION. 

Immense  advantages  result  from  a  diligent  and  an  habitual  observance 
of  natural  phenomena.  The  vigorous  exercise  imposed  on  the  mind 
by  the  investigation  of  the  laws  relating  to  cause  and  effect  in  the  varied 
operations  of  inanimate  nature,  insensibly  prepares  it  for  more  laborious 
studies,  whether  in  physical  or  moral  science.  And,  let  it  be  remem- 
bered, that  the  culture  here  hinted  at,  is  indispensably  requisite  to  the 
attainment  of  every  species  of  really  useful  knowledge.  There  is  no 
method  of  acquiring  sound  scientific  information,  without  thought  and 
persevering  attention  on  the  part  of  the  student;  and  there  is  no  other 
than  souiid  information  which  can  be  useful,  either  as  a  discipline  and 
high  accomplishment  of  the  mind,  or  as  practically  applicable  in  the  arts. 
The  business  of  philosophy  is  with  the  understanding.  That  knowledge 
is  falsely  and  meretriciously  called  scientific  knowledge,  which  is  intended 
for  the  memory,  and  takes  its  standing  there  exclusively;  and  which, 
consisting  of  no  real  acquirements  in  any  science,  is  commonly  accom- 
panied by  great  presumption  in  all*. 

Among  the  numberless  processes  which  are  the  offspring  of  human 
contrivance  and  ingenuity,  those  only  can  be  successfully  and  econo- 
mically conducted,  whose  conditions  are  conformable  to  the  laws  on 
which  the  constitution  and  preservation  of  our  globe  depends.  To  alter 
or  subvert  any  of  those  laws  is  no  part  of  man's  prerogative, — as  well 
may  he  attempt  to  create  a  world.  The  immutable  principles,  whose 
increasing  energy  is  essential  to  the  existence  of  matter  in  all  its  diversity 
of  forms — producing  in  it  the  successive  changes  of  which  we  are  at  the 
same  time  the  subjects  and  the  witnesses — are,  perhaps,  few  in  number 
and  extremely  simple  in  their  modes  of  operation;  or,  it  may  be,  that 
whilst  their  number  exceeds  the  powers  of  a  finite  being  to  calculate,  so 
it  is  possible  that  their  reciprocal  actions  on  the  elements  of  nature  are 
of  so  refined  and  recondite  a  character,  as  for  ever  to  elude  the  grasp  of 
the  most  highly-endowed  mind.  But  this  is  a  subject  on  which  we  have 
no  intention  further  to  speculate. 

Of  many  interesting  phenomena,  and  important  properties  of  matter, 
it  might  be  said,  that  the  accumulated  evidence  of  ages  attests  their 
verity.  The  true  explication  or  discovery  of  others,  which  are  no  less 
interesting  as  objects  for  contemplation,  nor  less  important  as  respects 
their  consequences  to  society,  has,  however,  been  reserved  for  modem 
times. 

The  blessings  held  in  trust  by  philosophy,  are  eminently  adapted  to 
the  wants  of  every  nation  under  heaven;  being,  in  fact,  the  joint-stock 
property  of  the  whole  family  of  man.  That  in  by-gone  days  so  much 
lamentable  ignorance  prevailed,  even  in  countries  whose  boast  has  been 
of  civilization  and  refinement,  was  not  so  much  the  fault  of  the  people 
as  of  their  rulers.  The  time  was,  that  intellectual  superiority  subjected 
its  possessor  to  persecution  and. cruel  punishment;  physical  science  was 
viewed  as  synonymous  with  Satanic  influence;  and  he  who  dared  to 

*  Rev.  H.  Moseley,  on  Mechanics  applied  to  the  Arts,  p.  xxxvii. 
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proclaim  the  sublime  truths  of  Experimental  Philosophy,  was  denounced 
as  in  league  with  demons,  and  an  enemy  to  his  own  species.  The  days 
of  darkness  have  passed  away,  and  a  brighter  era  has  arisen ;  ignorance  is 
no  longer  considered  an  honourable  distinction;  nor  is  the  general  diffu- 
sion of  knowledge  any  longer  interdicted  or  discouraged.  The  beneficent 
effects  of  this  change  are  abundantly  manifest,  and  they  are  daily 
becoming  more  and  more  apparent.  If  it  be  asserted  that,  notwith- 
standing the  vast  accessions  which  have  been  made  to  the  general  stock 
of  knowledge,  by  the  researches  and  discoveries  of  the  last  few  years,  its 
whole  amount,  even  now,  is  but  as  a  few  drops  collected  from  the  ocean 
that  is  still  untraversed;  we  perceive  therein  cause  only  for  encourage- 
ment, and  a  stimulus  to  increased  exertions.  Of  many  departments  of 
physical  science,  it  can  be  said,  that  the  desert  blossoms  as  the  rose; 
the  exploration  of  the  mysteries  of  nature  is  rapidly  progressing; ,  it  is 
a  delightful  employment,  and  as  useful  as  it  is  agreeable.  Moreover,  it 
presents  a  field  of  investigation,  in  which  there  is  ample  space  and 
abundant  occupation  for  all  who  choose  to  labour  therein,  whatever 
might  be  their  number,  or  the  identity  or  dissimilarity  of  their  pursuits. 
To  all  who  are  thus  engaged,  and  especially  to  the  youthful  student,  we 
heartily  wish  success ;  nor  is  this  all,  for,  having  ourselves  experienced 
the  benefit  of  kind  words,  at  the  time  when,  in  the  acquisition  of  scien- 
tific knowledge,  we  had  to  contend  with  difficulties  to  which  the  sincere 
inquirers  of  the  present  day  are  comparatively  strangers,  we  feel  the  more 
desirous  of  giving  a  helping  hand  to  those  who  may  require  such  assist- 
ance. This  will  we  do,  as  opportunity  serves  us,  by  offering  them  a  few 
hints  by  way  of  instruction,  admonition,  and  advice. 

We  now  proceed  to  give  some  account  of  the  phenomena  connected 
with  Evaporation,  Vaporization,  and  Condensation.  In  doing  this,  our 
principal  business  will  consist  in  arranging  in  a  popular,  and  as  we  trust 
an  intelligible  form,  what  is  considered  the  most  accurate  information 
hitherto  published  on  these  interesting  subjects;  endeavouring,  as  much 
as  possible,  to  illustrate  general  principles  by  a  constant  reference  to 
the  most  familiar  examples,  as  furnished  both  in  natural  and  artificial 
processes. 

Aeriform  Bodies  are  generally  divided  into  Fapours  and  Gases,— 
a  classification  more  arbitrary,  perhaps,  than  it  is  scientific. 

By  vapours  is  understood  those  substances  which,  possessing  the 
common  characteristics  of  elastic  fluids,  are,  notwithstanding,  readily 
convertible  into  the  liquids  or  solids  which  produced  them,  by  a  slight 
change  either  of  temperature  or  of  pressure ;  gases,  on  the  contrary, 
are  not  affected  by  the  changes  which  operate  so  powerfully  upon  vapours. 
By  the  united  action  of  cold  and  pressure,  eight  of  the  gases  may  be 
reduced  to  liquids;  the  latter,  however,  reassume  the  aerial  form  when 
liberated  from  what  appears  to  be  an  uimatural  degree  of  compression. 
All  the  other  gaseous  bodies,  amounting  to  about  two-thirds  of  the  total 
number  at  present  known,  have  resisted  every  attempt  hitherto  made  to 
reduce  them  to  a  liquid  state. 

As  Heat  is  the  most  efficient  agent  concerned  in  converting  solid 
and  liquid  bodies  into  vapours  and  gases,  it  seems  reasonable  to  infer, 
that  the  only  real  difference  between  aeriform  substances  is  in  the  rela- 
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tire  affinities  for  heat  possessed  by  the  respective  particles  of  which  they 
are  constituted.  By  whatever  means  the  relations  ordinarily  subsisting 
among  the  elements  of  nature  are  disturbed,  certain  it  is,  that  heat 
performs  at  all  times  a  most  important  office.  With  respect  to  the 
formation  of  elastic  bodies,  if  we  avail  ourselves  of  the  direct  agency  of 
sensible  heat, — or  by  an  indirect  procedure,  as  in  chemical  or  electrical 
action,  for  instance,  awaken  its  latent  energies, — we  always  find,  tliat 
whether  denominated  vapours  or  gases,  they  depend  entirely  for  their 
temporary  or  their  permanent  existence,  on  the  heat  associated  with  their 
particles.  To  separate  this  heat  from  all  gaseous  bodies,  in  quantities 
sufficient  to  convert  them  into  liquids,  has  been  a  favourite  experiment 
with  many  eminent  philosophers.  As  already  observed,  the  attempts 
thus  made  have  been  only  partially  successful ;  but  although  many  of 
the  gases  have  hitherto  obstinately  refused  to  change  their  form,  it  is 
not  improbable  that  future  operators  may  be  more  fortunate ;  and,  pro- 
fiting by  the  failures  of  those  who  preceded  them,  achieve  at  last  the 
solution  of  this  problem  in  physical  science. 

When  a  small  quantity  of  water,  placed  in  a  shallow  vessel,  is 
exposed  to  the  air,  the  water  gradually  diminishes,  and  at  length  entirely 
disappears.  This  is  an  example  of  spontaneous,  or  natural,  evaporation. 
Instead  of  permitting  water  to  be  thus  slowly  acted  upon  by  the  atmo- 
sphere, if  heat  is  applied, — the  flame  of  a  lamp  for  instance, — to  the 
bottom  of  a  vessel,  the  water  will  very  soon  exhibit  considerable  agita- 
tion, and  in  a  few  moments  be  dissipated.  Here  is  an  instance  of 
boilings  or,  as  it  is  otherwise  denominated,  ebullition^  accompanied  by 
artificial  vaporization.  If  a  glass  of  very  cold  water  be  carried  into  a 
warm  room,  the  outside  of  the  glass  will  suddenly  be  covered  with  a 
thin  film  of  moisture.     This  illustrates  wliat  is  intended  by  the  term 

CONDENSATION. 

In  this  and  succeeding  papers  we  shall  explain,  in  as  simple  a  way 
as  possible,  the  conditions  which  determine,  and  the  data  which  are  con- 
nected with,  these  various  phenomena.  We  consider  it  a  subject  that 
especially  commends  itself  to  the  contemplation  of  every  attentive 
observer  of  the  operations  of  the  Divine  Hand.  Viewed  in  relation  to 
the  part  it  performs  in  natural  processes,  evaporation  is  essential  to  the 
well-being  and  existence  of  man,  in  every  station  and  in  every  clime; 
whilst  in  the  arts  and  manufactures,  it  seems  to  be  identified  with  what- 
ever contributes  to  personal  comfort,  to  national  prosperity,  and  to 
general  civilization,  improvement,  and  happiness^ 

In  all  ages,  and  under  all  circumstances,  mankind  must  have  been 
familiar  with  the  spontaneous  disappearance  of  water,  which,  after 
diffusing  itself  in  the  atmosphere,  descends  again  to  the  earth.  The 
commonest,  and  apparently  the  simplest,  operations,  are  not  always  the 
easiest  to  be  understood.  It  is  only  during  the  last  few  years  that  any- 
thing like  a  rational  theory  of  evaporation  has  been  promulgated,  or  that 
means  have  been  devised  for  estimating  an  apparatus  invented  for  mea- 
suring its  effects. 

Whilst  of  all  liquids  water  is  the  most  abundant  and  the  most 
useful,  so  is  it  that  whose  habits  and  properties  have  been  the  most 
attentively  examined.     At  every  degree  of  temperature  to  which  it  may 
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be  exposed,  water  exhibits  a  tendency  to  assume  the  vaporous  form; 
and  not  only  so  long  as  it  retains  its  fluidity,  but  also  when  in  a  solid  state. 
Almost  every  other  liquid  is  liable  to  spontaneous  evaporation  at  common 
temperatures.  A  few  solid  bodies  are  also  susceptible  of  it,  among  which 
camphor  might  be  mentioned  as  a  striking  example.  It  is  probable, 
from  many  concurrent  circumstances,  that  a  property  common  to  all 
bodies,  whether  solid  or  liquid,  is  thus  to  diffuse  their  particles  in  the 
atmosphere,  although  in  some  instances,  the  process  might  be  so  ex- 
tremely slow  as  to  be  wholly  inappreciable. 

The  temperature  at  which  a  liquid  boils,  termed  its  boiling-point, 
and  of  which  we  shall  treat  more  particularly  in  a  future  paper*, 
materially  aff'ects  its  rate  of  evaporation.  Thus,  when  equal  quantities 
of  ether  (whose  boiling-point  is  96°),  of  alcohol  (173°),  and  of  water, 
(212°),  are  exposed  to  the  air,  under  precisely  similar  circumstances,  the 
first  that  disappears  is  the  ether,  the  alcohol  next,  and  a  considerable 
time  afterwards  the  water.  Hence,  we  learn,  that  the  liquids  whose 
boiling-points  are  lowest,  are  dissipated  Avith  the  greatest  celerity. 

Evaporation  takes  place  only  at  the  surface  of  liquids ;  extent  of 
surface,  therefore,  all  other  conditions  being  equal,  will  necessarily 
influence  the  rate  of  evaporation  in  similar  or  dissimilar  liquids.  This 
process  is  likewise  affected  by  the  temperature  of  the  air  in  contact  with 
the  surface  of  liquids,  by  its  being  dry  or  moist,  in  motion  or  at  rest. 
The  density,  or  pressure,  of  the  atmosphere,  determines  the  rate  of 
evaporation,  as  it  does  also  the  boiling-point  of  liquids.  This,  however, 
belongs  to  another  part  of  our  subject. 

Equal  quantities  of  water,  in  similarly-formed  vessels,  being  exposed 
to  air  of  very  different  temperatures, — say  35°  and  85°, — that  in  the 
warm  situation  will  disappear  before  the  other  will  have  sustained  any 
sensible  diminution.  When  air  next  above  the  surface  of  a  liquid  is 
charged  with  moisture,  evaporation  proceeds  but  very  slowly,  although  it 
might  happen  that  the  temperature  of  the  air  is  higher  than  that  of  the 
liquid.  Air  at  rest  is  a  condition  unfavourable  to  evaporation,  but  when 
in  rapid  motion,  whatever  might  be  its  temperature,  it  is  the  most  active 
agent  in  spontaneously  promoting  it  with  which  we  are  acquainted. 
The  effect  of  what  is  termed  a  drying-wind  on  a  cold  day,  is  somewhat 
surprising.  A  few  hours  sufiice  for  its  removing  every  symptom  of 
recent  rain ;  roads  which  were  previously  covered  ankle-deep  with  dirt, 
become  dry  and  hard ;  pools  of  water  disappear ;  and  the  whole  face  of 
the  country  wears  a  totally  different  aspect. 

The  vapour,  or  as  it  is  commonly  termed,  steam,  of  boiling  water, 
when  in  a  perfect  state,  that  is,  so  long  as  it  retains  the  temperature 
(212°)  of  the  water  from  which  it  is  generated,  is  dry  and  invisible;  a 
description  that  applies  equally  to  steam,  (aqueous  vapour,)  at  any  tem- 
perature during  its  union  with  atmospheric  air.  "When  vapour  loses  its 
transparency,  it  is  a  proof  of  partial  condensation. 

On  observing  attentively  the  steam  that  escapes  from  the  spout  of 
a  tea-kettle,  at  the  moment  the  water  begins  to  boil,  we  shall  perceive 
the  former  to  be  in  immediate  contact  with  the  spout,  on  the  interior 

•  We   purposely  abstain  from  entering  into  minute  details  here.     The  announce- 
ment of  general  principles  will  occupy  the  space  allowed  us  in  the  present  number. 
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edges  of  which,  a  portion  of  it  will  be  condensed  in  minute  drops. 
A  few  moments  afterwards,  provided  the  water  continues  to  boil,  the 
spout  of  the  kettle  will  become  perfectly  dry,  and,  at  the  same  time,  in 
its  immediate  vicinity,  there  will  be  a  certain  space,  say  from  one-half  to 
three-fourths  of  an  inch,  throughout  which  not  a  particle  of  steam  will 
be  perceptible.  It  is  easy  to  explain  this.  When  the  water  in  the 
kettle  begins  to  boil,  the  spout  being  at  a  lower  temperature  than  the 
steam  issuing  from  it,  a  portion  of  that  steam  is  condensed.  As  more 
steam  escapes,  it  soon  communicates  to  the  metal  its  own  temperature, 
condensation  ceases,  and  the  spout  becomes  dry-  By  this  time  the  steam 
has  acquired  sufficient  force  to  displace  the  air  immediately  opposite  the 
orifice  of  the  spout,  whence  it  issues  dry  and  invisible.  As  it  is  cooled 
by  mixing  with  the  surrounding  air,  it  assumes  its  well-known  cloudy 
appearance.  By  a  further  reduction  of  temperature  it  becomes  again 
invisible. 

As  a  necessary  result  of  natural  or  spontaneous  evaporation,  air 
always  contains  water  in  a  vaporous  form,  the  quantity  being  subject  to 
perpetual  variations,  dependent  on  changes  of  temperature,  and  other 
disturbing  causes  to  which  the  atmosphere  is  liable.  To  some  it  might 
be  difficult  to  understand  how  water  and  air  unite — the  heavier  body 
being  suspended  in  the  lighter — but  there  is  no  one  fact  in  philosophy 
that  admits  of  more  satisfactory  proof. 

The  lower  the  temjjemture  of  air,  the  smaller  is  the  quantity  of 
aqueous  vapour  united  with  it.  When  air  is  so  fully  charged  with 
vapour  that  it  refuses  to  take  up  an  additional  supply,  it  is  said  to  be 
saturated.  In  this  case,  any  depression  of  the  temperature  of  the  air  is 
accompanied  by  the  condensation  of  part  of  the  vapour  present  in  it ; 
whilst,  on  the  contrary,  air  that  is  charged  with  vapour  very  much 
below  its  point  of  saturation,  will  suffi^r  a  considerable  reduction  of  its 
temperature  before  it  parts  with  any  of  that  vapour.  When  vapour  and 
air  are  in  the  act  of  separating,  an  elevation  of  temperature  not  only 
interrupts  the  further  progress  of  condensation,  but  the  partially-con- 
densed vapour  immediately  resumes  its  former  state  of  invisibility.  The 
particular  temperature  at  which  condensation  occurs,  is  termed  the  dew- 
point.  To  determine  this  with  accuracy  is  of  the  last  importance  in 
making  hygrometrical  experiments.  We  shall  soon  have  occasion  to 
treat  of  these,  and  also  of  the  various  instruments  employed  in  con- 
ducting them. 

The  atmosphere  is  a  vast  store-house,  whence  the  solid  portions  of 
our  globe  receive  their  supplies  of  moisture.  By  an  increasing  process 
of  evaporation,  millions  of  gallons  of  pure  water  are  raised  daily  into  the 
air,  which,  after  having  been  distributed  by  the  united  agency  of  the  sun 
and  wind,  return  in  due  time,  and  under  various  forms,  to  the  surface 
of  the  earth. 

A  few  brief  allusions  to  some  of  the  meteorological  phenomena, 
suggested  by  the  foregoing  observations,  will  conclude  this  paper. 

Already  has  it  been  noticed,  that  aqueous  vapour  shows  no  dispo- 
sition to  separate  from  air,  so  long  as  the  temperature  of  the  latter 
continues  higher  than  its  point  of  saturation.  The  vapour  thus  present 
in  air,  although  exhibiting  no  symptoms  of  opacity,  will,  however, 
Vol.  II.  K  8 
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readily  impart  moisture,  by  its  condensation,  to  the  surfaces  of  sur- 
rounding bodies ;  and  to  produce  this  eifect,  it  is  only  necessary  that 
those  bodies  should  be  a  few  degrees  colder  than  the  air  with  which 
vapour  is  united.  A  simple  experiment  with  a  glass  of  cold  water, 
illustrates  this  principle,  on  whose  operation  depends  the  formation 
of  de7v. 

At  night,  when  the  great  source  of  heat  has  withdrawn  his  energies, 
the  earth  rapidly  cools,  and  a  portion  of  the  vapour  in  the  air  which  lies 
next  above  its  surface  is  deposited  thereon.  Hence  the  origin  of  dew, 
whose  importance  is  better  understood  in  regions  where  rain  falls  only 
three  or  four  times  in  a  year,  than  it  is  in  our  variable  climate. 

A  reference  to  that  well-known  property  of  heat,  termed  radiation, 
is  sufficient  to  indicate  the  means  by  which,  in  almost  an  incredibly  short 
time  after  the  sun  has  set,  the  earth  acquires  a  temperature  lower  than 
that  of  the  contiguous  stratum  of  air.  To  what  height  this  radiant  heat 
ascends  in  the  atmosphere,  is,  of  course,  dependent  on  a  variety  of  cir- 
cumstances, of  which  our  knowledge  is  exceedingly  limited.  That  the 
air  at  a  considerable  distance  above  the  earth  is  much  colder  than  in  its 
immediate  vicinity,  is  attested  by  the  observations  of  those  who  have 
ascended  in  balloons,  and  traversed  lofty  mountains,  the  summits  of 
which,  even  in  tropical  climates  and  beneath  cloudless  skies,  are  covered 
perpetually  Avith  snow. 

The  conditions  which  are  known  to  favour  radiation  in  bodies, 
generally  exercise  precisely  the  same  influence  in  the  formation  of  dew. 
For  instance,  if  a  plate  of  polished  metal  and  a  piece  of  dark-coloured 
cloth  of  equal  sizes  are  exposed  to  the  atmosphere,  under  precisely- 
similar  circumstances,  on  a  clear  night,  the  metal  will  maintain  the 
temperature  of  the  air  next  above  it,  but  the  cloth  will  be  many  degrees 
colder ;  and,  whilst  the  former  will  remain  perfectly  dry,  the  latter  will 
imbibe  a  profusion  of  moisture.  At  the  surface  of  a  smooth  gravel- walk 
there  will  be  scarcely  any  change  of  temperature  during  a  whole  night. 
On  fresh-turned  mould,  or  on  grass,  a  thermometer  Avill  show  a  dif- 
ference in  the  former  case  of  10°,  and  in  the  latter  of  15°.  Hence,  it 
follows,  that  the  most  copious  deposit  of  dew  will  be  upon  the  grass. 

That  heat  passes  by  radiation  from  the  earth  towards  a  cold  stratum 
of  air,  at  a  great  elevation,  is  further  illustrated  by  the  eifects  often  pro- 
duced through  the  intervention  of  clouds  on  a  previously  clear  night, 
when  the  deposition  of  dew  will  immediately  cease,  even  in  the  most 
favourable  situations ;  and  not  only  so,  but  as  will  sometimes  happen, 
that  which  had  been  deposited  will  speedily  disappear,  indicating  that 
the  temperature  of  the  earth  and  of  the  air  in  contact  with  it,  are  very 
nearly  equal.  Whatever,  therefore,  prevents  the  escape  of  heat  from  the 
earth  retards  the  deposition  of  dew;  whatever  accelerates  the  cooling 
process,  promotes,  in  an  equal  degree,  the  condensation  of  aqueous 
vapour. 

A  great  proportion  of  the  moisture  exhaled  during  the  day  is  evi- 
dently designed  to  refresh  vegetation  at  night.  Who  can  fail  to  admire 
the  arrangements  by  which  the  distribution  of  this  moisture  is  effected? 
Vegetable  substances,  and  especially  blades  of  grass,  radiate  heat  more 
rapidly  than  other  bodies  usually  found  at  the  surface  of  the  earth — on 
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vegetables,  dew  is  deposited  in  the  greatest  profusion.  Tlie  fresh-turned 
mould,  into  which  has  been  cast  the  seed,  on  whose  speedy  germination 
the  hopes  of  a  future  harvest  depend,  receives  also  its  allotted  pro- 
portion. The  gravelled  road — the  paved  street — the  barren  mountain — 
the  uncultivated  plain — have  no  need  of  dew.  From  them  it  is,  com- 
paratively, withheld. 

When  air,  which  is  heavily  charged  with  vapour,  has  its  tempe- 
rature reduced  below  the  point  of  saturation,  either  by  admixture  with 
air  colder  than  itself,  or  by  an  enlargement  of  volume  in  its  ascent  to  a 
greater  altitude,  a  portion  of  the  vapour  present  in  it  will  be  partially 
condensed.  If  this  occurs  to  any  great  extent  near  the  surface  of  the 
earth,  the  partiaUy-condensed  vapour,  which  is  believed  to  consist  of 
inconceivably  thin  vesicles  of  water,  each  separate  vesicle  enclosing  a  por- 
tion of  air,  constitutes  a  mist  or  Jog.  When  this  partial  condensation 
takes  place,  as  it  most  commonly  does,  at  considerable  elevations  in  the 
atmosphere,  the  accumulated  masses  of  vapour  are  denominated  clouds. 
The  vapour  of  which  clouds  are  composed,  is  perfectly  condensed 
by  a  further  reduction  of  temperature,  and  the  water  resulting  from  it 
unites  in  drops,  which  descend  in  the  form  of  rain.  If  the  condensation 
proceeds  gradually,  the  rain  will  fall  in  a  gentle  shower ;  if  it  be  sudden, 
as  when  lightning  and  thunder  prevail,  it  constitutes  a  storm*. 

Snorv  consists  of  vesicles  of  water,  as  mentioned  above  in  reference  to 
clouds,  frozen  in  the  upper  regions  of  the  atmosphere.  Hail  is  perfectly- 
condensed  vapour,  like  rain,  formed  into  drops  and  frozen  during  its 
descent.  Hoar-frost  bears  the  same  relation  to  dew  that  snow  does  to 
rain — the  first  being  partially-condensed  vapour,  frozen  at  the  surface  of 
the  earth;  the  latter,  vapour  in  a  similar  state,  frozen  previous  to  its 
descent. 

When  two  or  more  currents  of  air,  moving  in  opposite  directions, 
meet,  if  each  current  is  heavily  charged  Avith  vapour,  it  not  unfrequently 
happens  that  the  sky  becomes  suddenly  obscured  by  dense  clouds.  This 
oftener  occurs  in  summer  than  at  any  other  season,  and  as  clouds  formed 
under  such  circumstances  but  rarely  yield  rain,  they  prove  a  source  of 
anxiety,  or  disappointment,  to  the  husbandman.  On  some  occasions  it 
may  be  remarked,  when  two  opposing  currents  of  air  meet,  one  of  which 
is  warm  and  charged  with  vapour,  the  other  cold  and  comparatively  dry, 
the  clouds  floating  in  the  warmer  current  will,  in  a  few  minutes,  change 
their  appearance,  and,  finally,  vanish  away.  This  is  an  instance  of  par- 
tially-condensed vapour  accommodating  itself  to  a  change  of  circum- 
stances, and  uniting  with  air  at  a  reduced  temperature.  It  sometimes 
happens,  when  a  shower  of  rain  is  falling,  that  a  current  of  cold  dry  air 
will  suddenly  infringe  upon  the  rain-clouds.  In  that  case  rain  is 
changed  into  hail,  an  occurrence  not  uncommon  on  a  warm  day  in 
Summer. 

By  ordinary  observers,  clouds  are  viewed  only  as  confused  masses 
of  vapour,  driven  hither  and  thither  at  the  mercy  of  the  winds.  We  are 
assured,  however,  by  those .  who  have  had  opportunities  of  closely 
examining  them,  that  their  structure  is  singularly  beautiful ;  the  vesicles 

*  See  Magazine  of  Popular  Science,  vol.   i.,   pp.  23 — 26,  for  some  interesting 
particulars  respecting  Rain. 
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of  which  they  are  composed  being  arranged  with  as  much  regularity  as 
the  fibres  of  the  most  delicately-formed  flower. 

As,  in  evaporation,  heat  performs  an  important  office,  so  in  the  dif- 
fusion of  vapour  through  the  atmosphere,  its  accumulation  in  the  form 
of  clouds,  its  dispersion,  reunion,  and  final  precipitation  upon  the  earth, 
the  agency  of  electricity  is  no  less  conspicuous.  Our  knowledge  of  the 
conditions  which  determine  the  developement  of  electricity  is  necessarily 
imperfect.  A  few  of  these  conditions  are  tolerably  distinct ;  but  others 
are  veiled  in  uncertainty,  simply  because  our  post  of  observation  is 
remote  from  the  scene  of  their  operations. 

The  variable  distances  at  which  clouds  float  in  the  air,  obviously 
implies  a  peculiarity  of  texture  adapted  to  their  respective  situations 
and  circumstances.  Hence  they  admit  of  a  classification  which  enables 
those  who  are  skilled  in  this  branch  of  Meteorology  to  distinguish  by 
their  form,  colour,  and  relative  distances,  the  several  varieties,  and  to 
predict  with  considerable  accuracy  what  kind  of  weather  is  likely  to 
prevail. 


THE  BRITISH  ASSOCIATION. 

The  Sixth  Meeting  of  the  Association  had  been  last  year  fixed  by  the 
General  Committee  to  be  held  at  Bristol.  A  variety  of  considerations 
influenced  the  selection  of  this  site  from  a  number  of  others,  whose  claims 
were  put  forward.  The  Association  had  met  once  in  the  north  of  Eng- 
land (at  York),  twice  in  the  midland  counties  (at  Oxford  and  Cambridge); 
it  had  travelled  into  Scotland  (to  Edinburgh) ;  and  to  hold  its  last  meeting 
it  had  gone  to  Ireland.  Thus  might  it  be  said  to  have  perambulated 
every  part  of  the  United  Kingdom,  except  the  southern  part  of  it:  and 
thus  it  was  that  the  claims  of  Bristol,  the  capital  of  the  south,  to  the  dis- 
tinction— often  and  warmly  preferred — were,  after  more  of  opposition, 
canvassing,  and  party  feeling,  than  might  have  been  expected,  preferred 
to  those  of  Liverpool,  Manchester,  Birmingham,  and  Newcastle,  all  of 
which  great  cities  had,  we  believe,  their  deputations  present. 

The  place  of  meeting  had,  moreover,  advantages  peculiar  to  itself. 
The  north  of  Somerset  is  a  county  of  great  geological  interest,  it  connects 
itself  by  an  interesting  chain  of  geological  gradations  with  the  much- 
debated  carbonaceous  district  of  Devonshire,  and  its  blue  Lias  quarries 
are  in  themselves  a  fossil  museum.  And,  moreover,  as  lovers  of  science 
are  not  unfrequently  idle  men  (with  respect  be  it  spoken),  and  lovers  of 
pleasure,  to  their  investigations  were  offered  the  magnificent  scenery  of  the 
northern  coast  of  Devon — Porlock,  Linton,  Ilfracombe,  and  Clovelly 
— names  treasured  amongst  the  tenderest  recollections  of  travellers  in 
search  of  the  picturesque.  Who,  too,  had  not  heard  of  that  delightful 
excursion  of  a  day,  from  Wells  to  Weston,  if  he  had  never  been  fortu- 
nate enough  to  make  it — a  day's  journey  which  includes  within  it  a  visit 
to  the  remarkable  cavern  of  Wokey,  the  clifi"s  of  Cheddar,  the  bone-cave, 
more  correctly  the  hyaena-den,  of  Banwell,  and  the  bay  of  Weston. 
Again,  northward,  there  were  the  Severn  and  the  Wye,  offering  themselves 
to  the  use  of  the  Association,  for  an  excursion  to  Chepstow  and  to  Tintern ; 
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and,  last,  but  not  least  of  objects  of  interest,  was  Clifton  itself,  with  its 
vast  limestone  cliffs,  or  rather  quarries,  crowned  with  terrace  upon  terrace, 
and  crescent  upon  crescent,  of  Bath-stone  palaces. 

But,  to  the  actual  business  of  the  Association.     The  following  is  a 
list  of  the  General  Officers,  as  advertised  for  the  occasion : — 

.    Trustees  (Permanent) — C.  Babbage,  Esq.,  F.R.S. ;  R.  J.  Murchison,  F.R.S. ; 

John  Taylor,  Esq.,  F.  R.  S. 

President, — The  Most  Noble  the  Marquis  of  Lansdowne. 

Vice-Presidents, — The  Most  Noble  the  Marquis  of  Northampton,  F.  R.  S. ; 

Rev.  W.  D.  Conybeare,  F.R.S. ;  James  C.  Prichard,  M.D.,  F.R.S. 

General  Secretaries, — Francis  Baily,  F.R.S. ;  Rev.  William  V.  Harcourt,  F.R.S. 

Assistant  General  Secretary, — Professor  Phillips,  F.R.S. 

Treasurer, — John  Taylor,  F.R.S. 

Local  Officers. — Treasurer,  George  Bengough,  Esq. 

Secretaries,  C.  Daubeny,  M.D.,  F.R.S.;  V.  F.  Hovenden,  Esq. 

At  each  of  its  meetings,  the  first  step  is  the  assembling  of  its  General 
Committee,  composed  of  those  of  its  members  who  have  contributed  papers 
to  the  published  transactions  of  philosophical  societies,  or  who  have  been 
appointed  deputations  from  such  societies;  and  this  committee  met  at 
Bristol,  at  twelve  o'clock  on  Saturday  the  20th,  in  the  Chapter-House  of 
the  Cathedral.  Among  the  more  distinguished  of  the  members  present, 
we  observed  Professor  Sedgwick,  Professor  Babbage,  Sir  David  Brewster, 
Mr.  Baily,  Mr.  Whewell,  Sir  W.  Hamilton,  the  Provost  of  Trinity  College, 
Dublin,  (Dr.  Lloyd,)  Dr.  Dalton,  Professor  Moseley,  Professor  Lloyd,  Dr. 
Daubeny,  Dr.  Lardner,  and  Mr.  Vernon  Harcourt.  The  chair  was  taken  by 
Mr.  Whewell,  the  minutes  of  the  proceedings  of  the  committee  at  its  last 
meeting  were  read,  and  the  arrangements  for  its  present  meeting  detailed 
by  the  honorary  secretary,  Mr.  Vernon  Harcourt,  and  the  assistant 
secretary.  Professor  Phillips, — the  latter  referred  principally  to  the  officers 
recommended  to  be  appointed  in  the  different  sections, — their  presidents, 
vice-presidents,  secretaries,  and  committees:  they  Avill  be  found  detailed 
below. 


Shction  a.— MATHEMATICAL  AND 

PHYSICAL  SCIENCE. 

President — Rev.  W.  Whewell. 

Vice  Pr   idents — Sir   D.  Brewster,    Sir 

gsW.  R.  Hamilton. 
Secretaries — Professor  Forbes,  W.    S. 
Harris,  Esq.,  F.  W.  Jerrard,  Esq. 

Committee 
C.  Babbage,  Esq.,     Rev.  Dr. Lloyd,  Pro- 
F.R.S.  vest  of  Trm.  Coll. 

F.  Baily,  Esq.  Professor  Moll 
Professor  J.  Challis  Rev.  G.  Peacock 
Mr.  Chatfield  Professor  Rigaud 
Profess.  Mc  CuUagh  Professor  Ritchie 
R.  W.  Fox,  Esq.  J.  Robinson,  Esq. 
Wm.  Frend,  Esq.       Professor  Stevelly 

G.  Gerrard.  Esq,  H.  F.  Talbot,  Esq. 
Professor  Lloyd  Profes.  Wheatstone 
J.  W.  Lubbock,  Esq. 

Section  B.— CHEMISTRY   AND 

MINERALOGY. 

President — Rev.  Professor  Cumming. 

Vice  Presidents — Dr.  Dalton,  Dr.  Henry. 


Secretaries — Dr.  Apjohn.  Dr.  C.  Henry, 

W.  Herapath,  Esq. 

Committee 


Dr.  Barker 
Professor  Daubeny 
C.  T.  Coathupe,  Esq. 
Rev.    Wm.   Vernon 

Harcourt 
Professor  Hare 
Professor  Johnston 
G.  Lowe,  F.R.S. 
Professor  Miller 
R.  Phillips.  Esq. 
Dr.  Roget 


Dr.  R.  D.  Thomson 
Dr.  Turner 
Dr.  T.  Thompson 
T.  Thomson,  Jan., 

Esq. 
H.  H.  Watson,  Esq. 
William  West 
Rev.  W.  Whewell 
Dr.  Yellowley 
Colonel  Yorke 


Section  C— GEOLOGY   AND   GEO- 
GRAPHY, 
President — Rev.  Dr.  Buckland. 
Vice  Presidents — R.  Griffith  Esq.,   G.  R. 

Greenough,  Esq. 

{For  Geography)  R,  I,  Murchison,  Esq. 

Secretaries — W.  Sanders,  Esq.,  S. 

Stutchbury,  Esq.,  T.  J,  Torrie,  Esq. 

{For  Geography)  F.  Harrison  Rankin,  Esq, 
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Committee 


H.  T.  De  la  Beche, 

Esq. 
M.  Van  Breda 
Joseph  Came,  Esq. 

Penzance 
Edw.  Charlesworth, 

Esq. 
Major  Gierke 
Lord  Cole 
Rev.  W.  Conybeare 
R.  Griffith,  Esq. 
Rev.  W.  Hopkins 
R.  Hutton,  Esq. 
B.  Ibbotson,  Esq. 


Rev.  T.  T.  Lewis 
J.  Macadam,  Esq. 
Sir  G.  Mackenzie 
M.  Van  der  Melen 
Lord  Northampton 
Professor  Parigot 
Professor  Phillips 
Professor  Sedgwick 
W.  Smith,  Esq. 
John  Taylor,  Esq. 
Dr.  William  West 
Sam.  Worsley,  Esq. 
Rev.  James  Yatea 


Section  D.— ZOOLOGY  AND 
BOTANY. 

President — Professor  Henslow. 
Vice  President — Rev.  F.  W.  Hope,  Dr.  I. 

Richardson,  Professor  Royle. 

Secretaries — John  Curtis,  Esq.,  Professor 

Don,  Dr.  Riley,  S.  Rootsey,  Esq. 


Committee 


Wm.  Yarrell,  Esq. 
Rev.  Mr.  Jenyns 
T.  Mackay,  Esq. 
C.  Babington,  Esq. 
Professor  Nilsson 
Hon,  Charles  Harris 
Rev.  Mr.  Phelps 
Rich.  Taylor,  Esq. 
T.  C.  Eyton,  Esq. 
J.  E.  Bowman,  Esq. 


W.  C.  Hewitson 
Professor  Scouler 
Dr.  Jacob 
Rev.  Mr.  Ellecombe 
G.  J.  JefFrys,  Esq. 
R.  M.  Ball,  Esq. 
Colonel  Sykes 
J.  L.  Knapp,  Esq. 
—  Vigors,  Esq. 
E.  Forster,  Esq, 


Section  E.— ANATOMY   AND  ME- 
DICINE. 
President — Dr.  Roget. 
Vice  Presidents — Dr.    Bright,    Dr. 
Macartney. 
Secretaries — Dr.  Symonds,  G.   D.   Fripp, 
Esq. 
Committee 
Dr,  O'Beime  S.D.Broughton,Esq. 

Dr.  Bernard  R.  Carmichael,  Esq. 

Dr.  James  Bernard  Dr.  Carson 


Bracey  Clarke,  Esq. 
E.  Cock,  Esq. 
J.  W.  Cusack,  Esq. 
H,  Daniel,  Esq. 
J.  B.  Estlm,  Esq. 
Dr.  Evanson 
W,  Hetling,  Esq. 

Dr.  Hodgkin 

Dr.  Houston 

Dr.  Howell 


Dr.  James  Johnson 
R.  Keate,  Esq. 
O.  King,  Esq. 
Dr.  Prichard 
O.  Rees,  Esq. 
Dr.  Riley 
Rich.  Smith,  Esq. 
J.  C.  Swayne,  Esq. 
N.  Vye,  Esq. 
Dr.  Yellowley 


Section  F.— STATISTICS. 
President — Sir  Charles  Lemon,  Bart. 
Vice  Presidents — H.  Hallam,  Esq.,  Dr. 
Jerrard. 
Secretaries — Rev.   J.    E.  Bromby,  C,  B. 
Fripp,  James  Heywood,  Esq. 
Committee 
J.  W.  Cowell,  Esq.  M.  Von  Raumer 
M.  Dupin  Right   Hon.   T.   S. 

Lord  King  Rice 

Professor  Babbage      Major  Clerk 


Dr.  Bowring  M.  P 
T.  Wyse,  M.P. 
Rev.  E.  Stanley 
Col.  Sykes 
Dr,  W.  C.  Taylor 
Henry  Woolcombe, 

Esq. 
J.  Simpson,  Esq. 


—  Porter,  Esq. 
Professor  Mounier 
Lord  Sandon 
Lord  Nugent 
Carpenter    Rowe, 

Esq.    ' 
Thomas  Moore,  Esq 
Rev,  W.  L.  Bowles 


Section  G.— MECHANICAL 
SCIENCE. 

President — Davies  Gilbert,  Esq. 

Vice  President — M.  I.  Brunei,  Esq., 

John  Robisou  Esq. 

Secretaries— T.    G.    Bunt,    Esq.,    G.  T. 

Clark,  Esq.,  William  West,  Esq. 

Committee 
Captain  Chapman       Professor  Moseley 
G.  Cubitt,  Esq.  M.  le  Playe 

J.  S.  Enys,  Esq.         Sir  John  Rennie 
Wm.  Hawkes,  Esq,    Geo.  Rennie,  Esq. 
E.  Hodgkinson,  Esq.  John  Taylor,  Esq. 
Dr.  Lardner  Rev,  W.  Taylor 

The  scheme  of  the  proceedings  of  the  Association  was  to  remain  as 
heretofore;  as,  however,  some  of  our  readers  may  not  be  acquainted  with 
it,  and  as  some  knowledge  of  it  will  perhaps  assist  them  in  following  what 
we  may  have  hereafter  to  say,  we  shall  here,  in  a  few  words,  describe  it. 

The  subjects,  the  discussion  of  which  is  considered  as  properly 
belonging  to  the  province  of  this  Association,  are  embraced  under  seven 
distinct  heads,  and  the  members  attaching  themselves  to  the  discussion  of 
them,  are  supposed  to  divide  themselves  into  seven  distinct  sections,  which 
are,  in  their  collective  capacity,  the  Association;  and  which  are  distin- 
guished from  one  another,  and  designated  by  seven  successive  letters  of 
the  alphabet. 

To  each  of  these  sections  are  assigned  officers — a  president,  vice- 
presidents,  secretaries,  a  committee,  and  a  place  of  meeting.     At  Bristol, 
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section  A  met  in  the  Merchants'  Hall;  section  B,  at  the  Grammar- 
school;  section  C,  at  the  Institution;  sections  D  and  E,  at  Colston's  School; 
section  F,  at  Ilarril's  Rooms;  and  section  G,  at  the  Merchants'  Hall. 

The  committee  of  each  section  assembles  at  half  past  ten  o'clock  in 
the  morning,  and  the  section  itself  at  eleven  o'clock. 

It  is  to  the  Committee  of  the  Section  that  any  paper  intended  to 
be  discussed  in  it,  is  first  submitted,  and  being  approved  of  there,  it 
is  announced  on  the  day  of  meeting,  with  the  other  subjects  of  dis- 
cussion, in  the  order  in  which  it  will  be  taken.  The  business  of  each 
section  occupies  it  from  eleven  to  two  or  three  o'clock,  when  it  separates. 
For  the  evenings  of  four  alternate  days  of  the  week,  meetings  of  the  Asso- 
ciation are  fixed,  not,  as  in  the  mornings,  in  sections,  but  collectively,  in 
some  place  sufficiently  large  to  contain  the  whole  body;  and  the  ladies 
who  may  be  disposed  to  honour  the  deliberations  of  the  Association  with 
their  presence,  of  whom  each  member  is  allowed  to  introduce  one.  At 
this  evening-meeting  the  President  of  the  Association  presides,  and  the 
other  officers  and  more  distinguished  members  of  it  are  collected  round 
him;  and  among  the  rest  the  presidents  of  the  several  sections.  These 
each  in  his  timi  then  reports  to  the  meeting  the  proceedings  of  his  section 
during  that  and  the  preceding  day,  stating  concisely  the  results  of  the 
discussions  which  had  been  induced,  and  the  more  remarkable  of  the 
facts  elicited;  thus,  although  the  attention  of  each  member  during  the 
day-time,  is  of  necessity  limited  to  the  deliberations  of  the  particular 
section  to  which  he  attaches  himself,  yet  in  the  evening  he  is  enabled 
to  obtain,  at  least,  some  general  notion  of  what  has  been  doing  in  other 
sections  of  the  Association. 

The  reading  of  these  reports  of  the  presidents  of  sections  is  fol- 
lowed, on  the  first  evening  of  meeting,  by  a  general  report  of  the  secretary 
for  the  year,  of  the  progress  of  Science  during  that  year — a  report  usually 
of  great  interest  and  importance,  directing  the  attention  of  the  members 
to  the  more  recent  researches  of  learned  men,  and  keeping  the  Association, 
as  it  were,  continually  on  a  level  with  the  onward  progress  of  Science. 
On  the  other  evenings  of  meeting,  the  reports  of  the  presidents  are  fol- 
lowed by  some  lecture  from  one  of  the  more  eloquent  of  the  members  ap- 
pointed by  the  Council  for  that  purpose;  or  some  discussion,  on  a  subject 
of  interest  and  importance,  among  the  most  distinguished  persons  present. 

Such  was  the  scheme  of  the  proceedings  of  the  Association  at  its 
previous  meetings,  and  such  was  the  plan  now  to  be  adopted.  The  places 
of  sectional  meetings  have  been  mentioned;  the  place  appointed  for  the 
general  meetings  was  the  Theatre,  of  which  the  president,  officers,  and 
general  committee  of  the  Association  were  to  occupy  the  stage,  and  the 
other  members  the  pit,  gallery,  and  boxes.  The  president  appointed  for 
the  year  was  the  Marquis  of  Lansdowne ;  on  the  morning  of  Saturday 
however,  a  letter  was,  received  from  the  noble  Marquis,  announcing  that 
he  was  prevented  from  coming  to  Bristol,  by  the  alarming  illness  of  his 
eldest  son,  the  Earl  of  Kerry;  and  an  express  was  immediately  sent  off 
to  solicit  of  the  Marquis  of  Northampton,  who  had  announced  his  inten- 
tion of  being  present,  that  he  would  relieve  the  Association  from  its 
present  embarrassment,  and  take  upon  himself  the  office  of  president. 
The  business  of  the  general  committee  possessed  little  interest,  except  in 
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the  announcement  of  this  fact,  the  declaration  of  the  officers  and  com- 
mittees for  the  year,  of  the  places  of  sectional  and  general  meeting,  of  the 
place  (no  unimportant  matter)  of  dining,  and  of  a  promenade  at  the 
Zoological  Gardens  and  on  the  evenings  at  Miller's  Nursery-Ground, 
when  there  was  no  general  meeting  in  the  Theatre, 

There  was  read  the  treasurer's  report,  from  which  it  appeared  that 
the  property  of  the  Association,  including  the  estimated  value  of  a 
number  of  copies  of  the  printed  transactions,  was  4564^.  A  committee 
of  recommendations,  which  had  been  appointed  from  time,  to  time,  was 
reappointed:  a  somewhat  unintelligible  motion,  that  the  Council  should 
meet  during  the  week,  and  exercise  its  proper  functions  in  the  consti- 
tution of  the  Association,  which  it  appears  had  remained  in  abeyance, 
was  carried,  and  the  General  Committee  broke  up. 

The  first  business  of  the  Association  having  thus  been  completed, 
we  went  forth  from  the  ancient  Chapter-house  appointed  for  its  sittings, 
and  found  oxirselves  in  a  shower  of  rain  :  the  day  was  most  unpropitious, 
— it  rained  in  torrents  until  the  evening.  Nevertheless,  the  streets  pre- 
sented the  manifest  evidence  of  a  new  and  strange  excitement;  they 
were  full  of  passengers,  of  whom  every  fourth  or  fifth  might  be  dis- 
tinguished to  be  a  philosopher,  by  the  manifest  impatience  of  his  motions 
and  frequent  and  feverish  inquiries  for  some  part  or  another  of  the  great 
city,  where  he  was  to  take  up  his  abode.  Of  all  such  inquiries,  however, 
the  most  frequently  reiterated  was,  no  doubt,  the  inquiry  for  the  Inquiry- 
room,  such  being  the  attractive  designation  assigned  for  the  time  to  cer- 
tain auction-rooms  in  Corn-street,  called  Harril's  Rooms.  We  ourselves 
followed  the  stream  to  these  Inquiry-rooms,  rejoicing  in  the  hope  of  a  com- 
plete and  comprehensive  solution  of  all  the  difficulties  which  in  the  multi- 
plicity and  complexity  of  such  manifold  plans  and  arrangements  we  felt 
ourselves  oppressed  with.  To  our  dismay,  on  arriving  at  the  room  of 
Mr.  Harril,  we  found  it  swept  and  garnished;  and  instead  of  the 
smooth  and  facile  suavity,  the  "  frons  urbana"  of  a  man,  on  whom 
had  devolved  the  responsible  but  unenviable  functions  of  an  answerer  of 
inquiries,  we  encountered  a  very  abrupt  and  somewhat  ill-mannered 
person,  from  whom  it  was  with  difficulty  that  we  could  learn  so  much  as 
this,  that  our  steps  must  be  retraced  to  the  Grammar-school,  where  our 
inquiries  might  be  repeated.  Although  thus  disappointed,  we  were 
yet  secretly,  and  in  the  pride  of  our  humble  philosophy,  gratified  by 
this  other  realization  of  a  principle  which  we  have  held  from  our  very 
school-days,  founded,  as  we  believe,  in  the  very  nucleus  of  human 
nature,  and  common  to  all  times  and  ages  of  men,  but  generally  cited 
in  those  words  of  Horace,  "Lucus  a  non  lucendo;"  a  principle,  according 
to  which  the  true  designation  of  a  thing  is  to  be  taken  as  the  very 
opposite  of  that  which  is  assigned  to  it.  Thus  convinced  that  these  rooms 
were  called  Inquiry-rooms,  because  inquiries  were  not  answered  there, 
we  found,  as  we  best  could,  our  way  to  the  Grammar-school.  Here  we 
received  a  programme,  of  which  the  following  is  a  copy,  and  renewed 
our  ticket  according  to  the  prescribed  forms. 

PROGRAMME. 
At  the  Inquiry  Room,  in  Harril's  Rooms,  Corn   Street,  which  will  be  open  on 
and  after  Saturday,  the  20th  of  August,  to  Members,  and  Persons  who  are  desirous  of 
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becoming  Members,  it  is  intended  that  information  shall  be  afforded  on  all  matters 
relating  to  the  admission  and  location  of  Members,  and  the  arrangement  of  business. 
In  this  room,  Lists  of  Furnished  Lodgings, — Plans  of  the  Tables  at  the  Ordinary, — 
Notices  of  Meetings  and  Excursions, — Titles  of  Communications  appointed  to  be  read 
in  each  Section  daily, — printed  Lists  of  Members,  who  have  arrived,  with  their 
Addresses,  in  Bristol, — and  all  other  Notices  relating  to  the  Association,  will  be 
placed  in  conspicuous  situations. 

At  all  other  places  of  meeting,  and  at  the  Ordmary,  Members  will  be  requested 
to  exhibit  their  Tickets. 

The  General  Committee  will  meet  in  the  Chapter  Room  of  the  Cathedral,  on 
Saturday,  the  20th  of  August,  at  Twelve  o'Clock ;  and  afterwards  according  to 
adjournment.  Special  notice  will  be  given  of  the  time  when  the  concluding  Meeting 
of  this  body  will  be  held. 

Sectional  Meetings.  The  Sections  will  assemble  every  day  during  the  week, 
Saturday  excepted,  at  Eleven  o'Clock,  in  the  following  places. 

Sections.  Places.  Provisi(inal  .Seerotaries 

A  Mathematics  and  Physics   ...Merchants'  Hall  ...  Mr.  F.  W.  Jerrard. 
B  Chemistry  and  Mineralogy  ...Grammar  School  ...  Mr.  "William  Herapath. 

C  Geology  and  Geography   Institution {mL  S. ^Stutchbury. 

D  Zoology  and  Botany Colston's  School Dr.  Riley,  Mr.  S.  Rootsey. 

E  Medical  Science    Colston's  School Dr.  Symonds. 

F  Statistics     Chapter  Room    Mr.  C.  B.  Fripp. 

G  Mechanical  Science Merchants'  Hall i  Mr*  W   West    ' 

The  Committee  of  each  Section  will  meet  daily  at  Ten,  a.m.  in  rooms  adjacent  to 
the  Sectional  Rooms. 

At  or  before  Ten  o'Clock  daily,  Lists  of  the  Communications  appointed  to  be 
read  in  each  Section  will  be  placed  in  the  Inquiry  Room,  and  on  the  doors  of  the 
respective  Sectional  Rooms. 

General  Meetings  of  the  Association  will  be  held  in  the  Theatre,  King  Street, 
on  Monday,  Wednesday,  and  Friday,  at  Eight,  p.  m.  The  concluding  Meeting  will 
take  place  on  Saturday,  at  an  hour  to  be  fixed  by  the  General  Committee. 

On  the  Evenings  of  Tuesday  and  Thursday  there  will  be  no  formal  business ;  but 
arrangements  will  be  made  for  the  purpose  of  affording  opportunity  for  conversation, 
experiments,  and  short  discourses. 

A  limited  number  of  Ladies'  Tickets  will  be  issued  for  the  Evening  Meetings, 

An  Ordinary  for  the  accommodation  of  strangers  (at  5s.  per  head,  not  including 
wme)  wUl  be  provided  daily  during  the  week,  at  the  Rooms  of  the  Horticultural 
Society,  at  the  upper  end  of  Park  Street.  Plans  of  the  Tables  will  be  shown  daily  at 
the  Horticultural  Society's  Rooms  and  at  the  Inquiry  Room.  Members  may  select 
their  places  for  any  day,  by  inscribing  their  names  before  Eleven  o'Clock  of  that  day, 
at  the  Inquiry  Room ;  or  in  the  evening  of  the  previous  day,  at  the  Horticultural 
Society's  Rooms. 

Members  of  the  Association  will  be  admitted  to  various  public  and  private 
establishments,  on  exhibiting  their  Tickets. — A  printed  List  of  such  establishments 
will  be  placed  in  the  various  Meeting  Rooms. 

Having  now  made  our  inquiries,  and  it  must  be  admitted  satisfied 
tliem,  we  betook  ourselves  to  an  hotel  in  Clifton;  and  on  announcing 
our  intention  to  sleep  there,  to  our  astonishment  the  communication  was 
met  by  an  inquiry,  whether  we  were  or  not  a  member  of  this  Associa- 
tion. On  acknowledging,  as  we  are  always  disposed  to  do,  with  much 
self-complacency,  that  that  distinction  had  fallen  to  us,  we  were  informed 
that  it  would  cost  us  at  least  five  shillings  for  a  bed,  however  small  the 
bed-room,  and  that  if  our  ambition  extended  beyond  a  mere  closet, 
ten  shillings  and  sixpence  would  be  the  price  of  a  night's  repose;  more- 
over, that  to  sleep  as  though  we  were  not  a  member  of  the  Asssociation, 
would  cost  for  every  night  of  such  philosophical  slumber,  one  guinea. 
Much  we  had  heard  in  our  time  of  a  curious  method  of  sleeping  at 
Bristol  with  one  eye  open, — and  convinced  that  there  was  some  truth 
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in  it, — we  determined  to  sleep,  at  any  rate  for  this  niglit  and  the  next, 
unphilosophically  and  less  expensively,  in  Bath,  a  scheme  favoured  by 
the  appearance  of  a  Bath  coach  at  the  door. 

Ten  o'clock  on  Monday  morning  brought  us  back  to  Bristol,  and 
found  the  streets  of  that  great  city  thronged  v\^ith  nevrly-arrived  philo- 
sophers, pouring  forth  from  the  hotels  and  lodging-houses,  and  crowding 
along  Corn-street  to  the  In(juiry-room,  where  its  functions  were  some- 
what more  cheerfully  exercised  than  on  the  preceding  Saturday ;  here, 
having  gone  through  the  form  of  supposing  an  inquiry,  and  an  authenti- 
cation of  their  qualifications  to  be  admitted  members,  they  were  referred 
to  the  Council  House,  called  the  Reception-room,  where  they  were 
admitted,  and  whence  each  hastened  to  the  particular  section  in  Avhose 
deliberations  he  proposed  to  take  a  part. 

Notwithstanding  the  delay  occasioned  by  the  extraordinary  influx 
of  persons  applying  all  this  morning  to  be  enrolled  members  of  the 
Association,  sufficient  numbers  were,  by  eleven  o'clock,  admitted  to  fill, 
we  believe,  the  place  of  meeting  of  every  Section  of  the  Association. 
On  this,'  however,  and  on  the  succeeding  days,  it  appeared  to  us,  that 
the  most  crowded  of  the  Sections  were  those  of  Geology  and  Mechanical 
Science,  by  reason,  perhaps,  of  the  more  intelligible  and  popular  cha- 
racter of  the  subjects  discussed  in  these  Sections. 

Before  the  expiration  of  the  first  day,  1100  members  were  enrolled, 
and,  eventually,  the  number  amounted  we  believe  to  more  than  1300 ; 
among  whom  were  the  Duke  of  Beaufort,  the  Marquis  of  Northampton, 
Earl  Bathurst,  Lord  King,  Lord  Nugent,  Lord  Sandon,  Lord  Edward 
Somerset,  Lord  Cole,  Lord  Browne  Mill,  The  Lord  Bishop  of  Bath  and 
Wells,  Baron  Dupin,  The  Right  Hon.  Spring  Rice,  Chancellor  of  the 
Exchequer,  Right  Hon.  Henry  Hobhouse,  Hon.  C.  A.  Harris,  Capt.  Sir 
John  Ross,  Sir  Charles  Lemon,  Sir  Thomas  Ackland,  Sir  H.  Strachey, 
Baronets;  Sir  David  Brewster,  Sir  David  Wilkie,  Sir  Peter  Laurie; 
T.  G.  B.  Estcourt,  M.P.;  T.  Estcourt,  M.P.;  J.  J.  Guest,  M.P.; 
R.  B.  Hale,  M.P.;  G.  A.  Hamilton,  M.P.;  H.  Ilandley,  M.P. ;  Colonel 
Gore  Langton,  M.P.;  E.  A.  Sandford,  M.P. ;  P.  J.  Miles,  M.P. ;  W. 
Miles,  M.P. .  T.  Wise,  M.P.;  Professors  Buckland,  Daubeny,  Rigaud, 
and  Powell  (Oxford);  Sedgwick,  Cumming,  Henslow,  and  Challis,  and 
Rev.  W.  Whewell,  and  Rev.  G.  Peacock,  (Cambridge);  Moseley,  Bab- 
bage,  Bailey,  Christie,  Cooke,  Don,  Phillips,  Ritchie,  Todd,  and  Wheat- 
stone  (London);  Forbes,  (Edinburgh);  Johnston  (Durham);  Barker, 
Evanson,  Geoghegan,  Sir  W.  R.  Hamilton,  Lloyd,  M'Caul,  and  M'Cul- 
loch  (Dublin);  Stevelly  (Belfast);  Von  Breda  (Ley den,);  Moll  (Utrecht) ; 
Parigot  (Brussels);  Munier  (Geneva);  Nilsson,  (Lund,  Sweden);  Von 
Raumer  (Berlin);  Hare  (Philadelphia);  Doctors:  Lloyd  (Provost  of 
Dubhn);  Dalton  (Manchester);  Lardner,  Apjohn,  Bliss  (Oxford);  Bow- 
ring,  Fiske  (America);  Henry,  Luppenburg  (Hamburg);  Metcalf  (Ken- 
tucky) ;  Davies  Gilbert,  Esq.,  Thomas  Moore,  Esq.,  the  Very  Rev.  the 
Dean  of  Wells,  the  Rev.  W.  L.  Bowles,  Rev.  W.  D.  Conybeare,  &c. 

It  will,  we  conceive,  be  more  in  the  spirit  of  this  journal,  and  more 
satisfactory  to  our  readers,  to  j)resent  our  account  of  the  proceedings  of 
the  Association,  not  under  the  form  of  a  daily  report,  but  as  a  conspectus 
of  the  whole. 
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The  following,  then,  are  the  titles  of  the  papers  read,    and  the 
communications  made,  in  the  different  sections  during  the  week. 

Section  A. 

Sir  David  Brewster  reported  progress  as  to  the  experiments  directed  at  the 
former  meeting  to  be  instituted  on  the  construction  of  a  Lens  of  Rock  Salt. 

Mr.  Lubbock  communicated  the  result  of  some  important  Observations 
on  the  Tides  at  the  ports  of  London  and  Liverpool. 

Mr.  Whewell  reported  proceedings  of  the  Committee  appointed  by  the 
Association  to  fix  the  relative  value  of  Land  and  Sea, 

Mr.  Lubbock  introduced  a  paper  on  the  formation  of  an' empirical  Lunar 
Theory. 

Professor  Sir  William  Hamilton  gave  an  account  of  Mr.  Jerrard's  Mathe- 
matical Researches  connected  with  the  general  Solution  of  Algebraical 
Equations. 

Professor  Phillips  made  a  brief  statement  of  the  operations  of  the  Com- 
mittee appointed  by  the  Association  for  the  purpose  of  making  a  series  of  ex- 
periments to  determine  the  Subterranean  Temperature  of  the  Earth. 

Mr,  Craig  read  a  paper  on  the  Polarization  of  Light. 

Mr.  Russell  read  an  important  paper  on  the  phenomena  of  Waves  and 
Currents. 

Professor  Powell  communicated  some  observations  on  Refractive  Indices. 

Sir  David  Brewster  read  a  paper  on  a  Singular  Developement  of  Polar- 
izing Structure  in  the  Crystalline  Lens  of  Animals  after  Death. 

The  Rev.  Mr.  M'Cauley  read  a  paper  in  continuation  of  one  communi- 
cated to  the  Association  last  year,  on  the  application  of  Electro-Magnetism 
to  Mechanical  Purposes. 

Mr.  Harris  read  a  paper  on  some  Phenomena  of  Electrical  Repulsion. 

Professor  Challis  made  a  supplementary  Report  on  the  Mathematical 
Theory  of  Fluids, 

Professor  Stevelly  made  some  remarks  on  the  interpretation  of  the 
doubtful  sign  in  certain  Algebraic  Formula}. 

Mr.  M'Culloch  read  a  paper  on  the  Laws  of  Double  Refraction  of  Quartz. 

Mr.  Adams  made  a  communication  on  the  Interference  of  Sound, 

Mr.  Talbot  reported  his  Researches  on  the  Integral  Calculus. 

Dr.  Apjohn  read  a  paper  on  the  Specific  Heat  of  Gases. 

Professor  Hamilton  made  a  communication  on  the  Calculus  of  Principal 
Relations. 

The  Rev,  William  Scoresby  described  two  Magnetical  Instruments, 

Professor  Forbes  read  a  paper  on  the  Terrestrial  Magnetic  Intensity  at 
various  Heights. 

Sir  David  Brewster  read  a  paper  on  the  Action  of  Crystalline  Surfaces. 

Mr.  W.  G.  Hall  made  some  remarks  on  the  Connexion  of  Weather  with 
the  Tide. 

Mr.  Ettricke  read  papers  "  On  an  Instrument  for  observing  Terrestrial 
Magnetism ;"  "  On  improved  Rubbers  for  Electrical  Machines  ;"  and  "  On  a 
New  Instrument  for  trying  the  Effect  of  Electrical  Discharges  in  rarefied  Air, 
or  in  different  kinds  of  Gases." 

Mr.  Addams  made  some  observations  on  the  Vibration  of  Bells. 

Dr.  Reutzi  introduced  a  paper  "On  the  Higher  Order  of  Grecian 
Music  ;"  and  another  "  On  Mnenomic  Logarithms." 

Mr.  Whewell  read  a  paper  on  a  New  Anemometer. 

Professor  Phillips  read  a  notice  of  the  probable  effects  of  elevated 
ground  in  the  direction  of  the  Lines  of  equal  Magnetic  Dip. 
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Sir  David  Brewster  described  some  valuable  Improvements  in  the 
Telescope. 

Mr.  Russell  read  a  paper  on  certain  Elements  of  the  Resistance  of  Fluids 
that  appear  to  be  internally  connected  with  the  application  of  Analysis. 

Dr.  Hare  made  a  communication  on  the  Electric  Spark. 

Dr.  Carpenter  described  a  system  of  teaching  the  Blind  to  read. 

Mr.  Hodgkinson  gave  an  account  of  some  experiments  made  at  the  re- 
quest of  the  Association,  to  determine  the  comparative  strength  and  other 
properties  of  iron,  made  with  the  Hot  and  Cold  Blast. 

Section  B. 

Mr.  Watson  communicated  the  results  of  experiments  on  the  Pyrophos- 
phate of  Soda. 

Mr.  Ettricke  described  a  new  form  of  Blowpipe. 

Mr.  Herapath  produced  an  Analysis  of  the  Water  of  the  King's  bath, 
at  Bath. 

Dr.  Hare,  of  Philadelphia,  made  an  important  communication  on  Rock- 
Blasting  ;  and  also  described  a  Gas-meter  which  he  had  for  many  years  found 
of  great  use,  but  which  had  not  yet  been  used  in  this  country. 

Mr.  William  Herapath  gave  a  short  account  of  the  Aurora  Borealis  of 
the  18th  of  November. 

Mr,  Thomas  Edley  furnished  a  paper  entitled,  "  Important  Facts  ob- 
tained Mathematically  from  Theory ;  embracing  most  of  those  experimental 
results  in  Chemistry  which  are  considered  as  ultimate  Facts." 

Dr.  Charles  Henry  read  a  paper  on  the  Power  of  certain  Gases  to  pre- 
vent the  union  of  Oxygen  and  Hydrogen, 

Mr.  W.  Herapath  read  a  paper  on  Arsenical  Poisons. 

Dr.  Hare  made  some  observations  on  the  improvements  of  the  Galvanic 
Pile. 

Dr.  Daubeny  read  a  report  on  the  present  state  of  our  knowledge  with 
regard  to  Mineral-Waters. 

Mr.  Mushet  exhibited  specimens  of  Iron  Ore,  and  also  of  an  Iron 
Cement,  which  he  stated  to  possess  superior  binding  properties. 

Professor  Johnson  explained  the  constitution  and  properties  of  Para 
Cyanogen. 

Mr.  W.  West  read  a  paper  on  the  Substances  diflFused  through  the 
Atmosphere. 

Dr~Hare  read  a  Copy  of  a  correspondence  between  Berzelius  and 
himself,  on  Chemical  Nomenclature. 

Dr.  Dalton  made  some  observations  on  Atomic  Symbols. 

Professor  Johnston  brought  before  the  Section  his  Chemical  Tables,  of 
which  a  specimen,  entitled  "  Chemical  Constants,"  had  been  laid  before  the 
Association  in  Dublin. 

Dr.  Thomson  read  a  detailed  account  of  experiments  on  the  Combina- 
tions of  Sulphuric  Acid  and  Water. 

Mr.  W.  C.  Jones  read  a  paper  on  a  peculiar  modification  of  Gluten. 

Mr.  Crosse  described  certain  improvements  in  the  Voltaic  Battery,  and 
also  read  a  paper  on  Atmospheric  Electricity. 

Mr.  Scanlan  gave  an  account  of  a  new  Compound,  found  during  the 
destructive  Distillation  of  Wood. 

Professor  Davey  described  a  peculiar  compound  of  Carbon  and  Potassium, 
and  also  a  new  Gaseous  Bicarburet  of  Hydrogen. 

Dr.  Inglis  made  some  remarks  on  the  Conducting  Power  of  Iodine. 
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Dr.  Knox  made  some  observations  on  Fluorine. 

Mr.  Black  described  a  mode  of  detecting  the  strength  of  Spirits  by 
diluting  with  Water. 

Dr.  Trail  made  a  communication  on  the  Aurora  Borealis. 

Section  C. 

Mr.  Charlesworth  read  a  notice  of  the  Vertebrated  Animals  in  the 
Crag-formation. 

Mr.  Bowman  read  an  account  of  a  visit  to  the  Bone  Caves  of  Cefn,  in 
Denbighshire. 

Mr.  Ibbotson  exhibited  Geographical  Models  of  Neufchatel,  and  of  the 
Under  Cliff  in  the  Isle  of  "Wight. 

Dr.  Daubeny  stated  the  results  of  some  experiments  on  the  effects  of 
Arsenic  or  Vegetables. 

Professor  Sedgwick  and  Mr.  Murchison,  communicated  a  paper  "  On  the 
Classification  of  the  old  Slate  Rocks,  and  true  position  of  the  Culm  Deposits 
of  Devonshire." 

Mr.*  De  la  Beche  read  a  paper  on  the  Connexion  of  the  Geological  Phe- 
nomena with  the  Mines  of  Cornwall  and  Devon. 

Professor  Phillips  made  some  observations  on  the  removal  of  large  Blocks 
or  Boulders  from  the  Rocks  of  Cumberland. 

A  communication  was  received  from  Dr.  Riley  and  Mr.  Stutchbury,  on 
certain  Saurian  Bones  discovered  near  Bristol. 

Dr.  Buckland  produced  a  Bone,  which  had  been  found  upon  the  red- 
sandstone  in  Bristol,  supposed  to  be  a  remain  of  one  of  the  rioters  burnt  at 
the  Custom-house,  the  animal  matter  of  which  having  been  roasted  out,  the 
cavities  became  filled  with  lead. 

The  Marquis  Spineto  read  a  report  of  the  attempts  made  to  ascertain 
the  Latitude  of  the  ancient  City  of  Memphis. 

Dr.  Buckland  placed  upon  the  table  specimens  of  the  engravings  of 
some  of  the  Fossils  in  the  Bristol  Institution,  prepared  under  the  direction  of 
M.  Agassiz ;  and  also  a  Copy  of  the  first  volume  of  his  Treatise  on  Geology, 
for  the  Bridgewater  Treatises. 

Mr.  Fox  read  an  important  paper  on  the  change  in  the  Chemical  charac- 
ter of  Minerals  induced  by  Galvanism. 

Mr.  Crosse  made  some  communications  of  the  highest  interest  on  the 
formation  of  Artificial  Crystals  and  Minerals. 

Mr.  Conybeare  read  a  paper  on  the  Coal-fields  of  South  Wales. 
Mr.  Murchison  communicated  some  remarks  on  the  Geological  relations  of 
certain  Calcareous  Rocks,  near  Manchester;  and  also  on  the  ancient  Hydro- 
graphy of  the  River  Severn. 

Lord  Nugent  read  a  communication  respecting  some  Sea  Rivulets  in  the 
Island  of  Cephalonia. 

Mr.  Charlesworth  read  a  paper  on  some  alleged  fallacies  in  determining 
the  ages  of  Tertiary  Deposits, 

Professor  Forbes  made  a  communication  on  the  connexion  of  the 
Pyrenean  Hot  Springs  with  the  Geology  of  the  District. 

The  Rev.  Mr.  Clarke  gave  an  account  of  some  Hot  Springs  at  Longleat. 

Section  D. 

Dr.  Richardson  communicated,  in  several  readings,  his  report  on  North 
American  Zoology. 

Mr.  Rootsey  announced  the  results  of  various  experiments  to  extract 
Sugar,  Spirit,  &c.,  from  Mangel  Wurzel. 
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Professor  Henslow  made  some  observations  on  the  formation  of  Sugar 
in  Plants. 

Mr.  W.  G.  Hall  read  a  paper  on  the  acceleration  of  the  Growth  of 
Wheat. 

Mr.  Bowman  read  a  paper  on  the  Longevity  of  Yew  Trees. 

Mr.  Ball  gave  an  account  of  a  new  species  of  the  Seal. 

Dr.  Hancock  exibited  a  specimen  of  a  new  and  scandent  species  of 
Nm'antea. 

The  Rev.  Mr.  Hope  exhibited  an  Hermaphrodite  Lucanus. 

Mr.  Hope  read  an  interesting  paper  on  certain  Notions  of  Antiquity 
derived  from  the  Ancients. 

Mr.  Hall  introduced  the  subject  of  the  application  of  Lime  as  a  manure. 

Colonel  Sykes  made  some  observations  on  the  fruits  of  the  Deccan,  of 
which  he  produced  drawings. 

Mr.  J.  T.  Mackay  read  a  report  on  the  Geographical  distribution  of 
Plants  in  Ireland  and  the  West  of  Scotland. 

Mr.  Royle  introduced  the  subject  of  Caoutchouc,  with  some  interesting 
particulars  of  its  Importation  and  Application  in  Manufactures. 

Mr.  Duncan  brought  forward  the  subject  of  the  Luminosity  of  the  Sea, 
for  the  purpose  of  eliciting  information  respecting  so  beautiful  a  phenomenon. 

Dr.  Hancock  gave  an  account  of  the  Cow-Fish,  or  River-Cow. 

Dr.  Macartney  read  a  paper  on  the  mode  of  preserving  Animal  and 
Vegetable  Substances. 

The  Rev.  Mr.  Hope  read  a  communication  from  Mr.  Ruddon,  on  the 
means  of  obtaining  Insects  from  Turpentine. 

Mr.  Carpenter  read  a  communication  on  the  "  Criteria  of  Species," 
founded  on  the  views  of  Dr.  Prichard. 

Section  E. 

Dr.  O'Beirne  presented  a  Report  from  the  Dublin  Committee  on  the 
Pathology  of  the  Nervous  System. 

Dr.  Prichard   read  a  paper  on  the  Treatment  of  Diseases  of  the  Brain, 

Dr.  Houston  described  a  twin  fcEtus,  born  without  brain,  heart,  or  lungs. 

Mr.  Carmichael  read  a  paper  on  Tubercles. 

The  London  and  Dublin  Committees  forwarded  reports  on  the  Motion 
and  Sounds  of  the  Heart. 

Mr.  Grooves  introduced  a  paper  on  the  Gyration  of  the  Heart. 

Dr.  Brewster  read  a  paper  on  the  Polarization  of  Light. 

Dr.  Canon  read  a  paper  on  Absorption . 

Dr.  Hodgkin  communicated  some  observations  on  the  connexion  between 
the  Veins  and  Absorbents. 

Dr.  Reid  produced  a  short  exposition  of  the  Functions  of  the  Nervous 
Structure. 

Dr.  Macartney  exhibited  a  portable  probang,  and  read  two  short  papers, 
one  on  the  Organs  of  Voice  in  the  New  Holland  Ostrich  ;  and  the  other  on 
the  Structure  of  the  Teeth. 

Mr.  Walker  read  a  paper  on  the  Nerves  and  Muscles  of  the  Eyeball. 

Mr.  Adams  made  some  observations  on  the  Pathological  condition  of  the 
Bones  in  Chronic  Rheumatism. 

Mr.  Hettling  explained  a  New  Mode  of  removing  Ligatures. 

Dr.  Evanson  made  a  report  on  a  fracture  of  the  neck  of  the  Thigh  bone. 

Mr.  W.  B.  Carpenter  read  a  paper  on  the  Origin  of  Parasitic  Animals. 

Dr.  R.  T.  Thompson  explained  the  Chemistry  of  the  Digestive  Organs. 


the  british  association.  143 

Section  F. 

Dr.  M'Cleland  communicated,  at  great  length,  some  statistical  facts  con- 
nected with  the  former  and  present  state  of  Glasgow. 

Mr.  Kingsley  presented  various  tables  relative  to  the  Revenue  and  Ex- 
penditure of  the  United  Kingdom. 

Baron  Dupin  made  some  observations  on  a  paper  which  he  produced, 
entitled,  "  Researches  relative  to  the  Price  of  Grain,  and  its  influence  on  the 
French  Population." 

Mr.  Porter  produced  a  report  of  the  Effects  of  Vaccination. 

Colonel  Sykes,  from  the  Royal  Asiatic  Society  of  Great  Britain,  an- 
nounced the  formation  of  a  Committee  of  that  Society,  for  the  purpose  of 
collecting  Statistical  information  respecting  India,  chiefly  with  a  view  to  the 
promotion  of  commercial  intercourse. 

Mr.  Gregg's  Outlines  of  a  Memoir  on  Statistical  Desiderata  was  read. 

Dr.  Lardner  made  an  important  communication  on  the  Effects  of  Rail- 
roads on  International  Communication. 

Mr.  Taylor,  Treasurer  of  the  Association,  communicated  a  paper  on  the 
Mineral  Riches  of  Great  Britain. 

Dr.  Yellowly  read  a  paper  on  the  employment  of  Spade-husbandry. 

Professor  Forbes  detailed  the  results  of  experiments  on  the  Height, 
Weight,  and  Strength  of  800  individuals,  natives  of  England,  Scotland,  Ire- 
land, and  Belgium. 

Dr.  Collins  communicated  a  paper  on  the  Periodicity  of  Births. 

Baron  Dupin  exhibited  two  Maps  of  Great  Britain  and  Ireland,  curiously 
shaded  to  show  the  comparative  Density  of  Population,  and  the  comparative 
state  of  Crime. 

A  Report  from  the  Manchester  Statistical  Society,  on  the  state  of  Educa- 
tion in  Liverpool,  was  read ;  also,  the  Statistics  of  popular  Education  in  Bi-istol. 

Lord  Sandon  moved  a  recommendation  to  the  East  India  Company  to 
take  measures  for  procuring  a  census  of  the  population  under  their  govern- 
ment. 

Section  G. 

Professor  Moseley  made  some  observations  on  the  Theory  of  Locomotive 
Carriages. 

Mr.  Russell,  of  Edinburgh,  laid  before  the  Section  the  result  of  certain 
experiments  on  the  traction  of  boats  in  canals  at  different  velocities. 

Mr.  Henwood  communicated  a  paper  on  Naval  Architecture. 

Mr.  Corsham  described  certain  improvements  in  Neper's  Rods  for  facili- 
tating the  multiplication  of  high  numbers. 

Dr.  Daubeny  explained  an  instrument  of  his  contrivance  for  taking  up 
Sea  Water  from  any  given  depth. 

Mr.  Braham  explained  certain  improvements  made  by  him  in  the 
Mariner's  Compass. 

Mr.  Price  exhibited  a  model  of  a  new  construction  of  Paddle-wheels. 

Mr.  Chatfield  read  an  Essay  on  Naval  Architecture. 

Mr.  Enysgave  an  account  of  the  working  of  the  Cornish  Steam-engines. 

Mr.  Pinkus  read  a  paper  on  the  transmission  of  power  by  the  rarefaction 
of  air. 

Dr.  Lardner  delivered,  at  different  sittings,  some  highly  interesting  dis- 
courses on  Steam  Communication  with  various  foreign  parts. 

The  communications  made  by  Messrs.  Lubbock  and  Whewell,  in 
the  section  of  Mathematics  and  Physics,  on  the  subject  of  the  Tides,  were 
of  peculiar  interest  and  importance. 
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There  appeared,  from  a  comparison  of  the  observations  of  Mr. 
Hutchinson,  of  Liverpool,  and  Messrs.  Jones  and  Russel,  in  London,  with 
the  tide-theory  of  Bemouilli,  an  extraordinary  agreement  between 
observation  and  theory,  so  far  as  the  height  of  the  tide  is  concerned;  and 
an  apparent  disagreement  in  respect  to  the  time  of  the  tide.  The  tide, 
as  our  readers  are  aware,  is  dependent  principally  upon  the  moon,  and 
partially  upon  the  sun;  the  effects  of  the  attractions  of  these  bodies  being 
sometimes  superposed,  and  sometimes  opposed,  and  passing  within  a  lunar 
month  tvdce  through  every  intermediate  stage  between  superposition  and 
opposition.  Upon  the  declinations  of  the  sun  and  moon,  upon  their  right 
ascensions,  and  their  parallaxes,  elements  determining  their  position  in 
respect  to  the  earth,  depend  then  the  height  of  the  tide;  and  the  height 
calculated  by  theory  from  these  elements,  agrees,  it  appears  (from  a  course 
of  observations  continued  through  19  years  in  London,  and  a  longer 
period,  we  believe,  at  Liverpool),  so  completely  with  the  real  height  of 
the  tide,  that,  according  to  Mr.  Lubbock's  observation,  observation  may 
be  considered  as,  in  this  respect,  an  absolute  verification  of  theory,  the 
difference  being  less  than  might  be  supposed  to  occur  in  making  and 
registering  the  observation. 

Such  was  the  agreement  of  the  theory  and  observation.  The 
anomaly  was  this:  The  effect  of  any  relative  position  of  the  sun,  moon, 
and  earth  upon  the  tide,  at  any  place,  might  be  supposed  to  be  produced 
at  the  instant  when  they  were  in  that  position.  Now  this  is  not,  it 
appears,  the  case. 

That  effect  is  not  in  reality  produced  until  five  lunar  half-days  after- 
wards; or,  to  speak  more  correctly,  the  true  effect  of  any  relative  position 
of  the  sun,  moon,  and  earth,  is  undoubtedly  produced  at  the  precise 
moment  when  they  are  in  that  position;  but  that  effect  does  not  develop 
itself  under  the  form  given  by  Bernouilli's  theory  until  five  lunar  half- 
days  afterwards.  Thus,  then,  it  appears  that  the  statical  theory  of 
Bemouilli  is  wrong  as  to  certain  of  its  elements,  but  that  the  operation 
of  the  causes,  whence  the  error  of  the  theory  results,  is,  after  the  expira- 
tion of  five  lunar  half-days,  neutralized. 

Another  most  important  and  unexpected  fact,  stated  by  Mr.  Lubbock, 
was  that  the  height  of  the  tide  in  any  place  was  certainly  and  sensibly 
affected  by  the  height  of  the  barometer.  The  tide  is  higher  as  the 
height  of  the  barometer  is  less.  M.  Daussy  (who  was,  we  believe,  the 
first  to  observe  this)  found  that  a  fall  of  the  barometer  0.622  parts  of  an 
inch,  caused  the  height  of  the  tide  in  the  port  of  Brest  to  be  increased 
by  8-78  inches.  And  Mr.  Dessiou  has  found,  by  a  careful  comparison 
of  the  tide-observations  made  in  the  port  of  Liverpool,  in  the  year  J  784, 
by  Mr.  Hutchinson,  that  the  height  of  the  tide  was  there  affected  by  the 
height  of  the  barometer;  so  that,  cceteris  paribus,  it  rose  one  inch  on  an 
average  for  each  tenth  of  an  inch  of  the  fall  of  the  barometer. 

Mr.  Lubbock  was  followed  by  Mr.  Whewell,  Avho  stated  that  the 
observations  of  Mr.  Bent  on  the  tides  of  the  port  of  Bristol  did  not 
exactly  agree  with  the  results  of  Mr.  Lubbock,  a  fact  which  might  pro- 
bably be  explained  by  the  local  causes,  whose  operation  is  there  so 
remarkable,  that  at  Bristol  the  tides  rise  50  feet,  whilst  lower  down  the 
channel  they  rise  only  20  feet.     The  discrepancy  being  of  this  kind,  that 
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dividing  tlie  elements  of  the  theoretical  tide  into  two, — those  which  depend 
upon  declination,  and  those  which  depend  upon  parallax,- — the  time  by 
which  the  observed  follows  the  theoretical  effect  is  different  in  the  one 
case  from  what  it  is  in  the  other. 

The  more  valuable  part  of  Mr.  Whe well's  communication  had,.hov(r- 
ever,  reference  to  a  proposition  for  determining  permanently  the  relative 
level  of  land  and  water.  "  If,"  said  he,  "  two  horizontal  lines  could  be 
drawn,  and  permanently  marked  on  the  earth's  surface,  at  right  angles  to 
one  another;  a  line,  for  instance,  from  Bristol  to  Ilfracomb,  and  from 
this,  another  across  the  country  towards  Lyme  Regis,  then  observations 
on  the  height  of  high  and  low  water,  made  through  a  long  period  of  time, 
and  referred  to  different  points  of  this  line  would  show  whether  that 
portion  of  the  island  on  which  these  lines  were  traced,  had,  or  had  not, 
altered  its  position  in  respect  to  the  level  of  the  sea ;  whether  that  altera- 
tion of  position  were  one  whose  direction  was  east  and  west,  or  north  and 
south,  or  towards  any  intermediate  point  of  the  compass.  And  thus  might 
be  set  at  rest  a  question  which  has  long  occupied  the  attentions  of  geo- 
logists, and  which  has  acquired  of  late  peculiar  interest,  from  what  has 
been  said  of  the  alteration  of  the  level  of  Sweden.  It  is  earnestly  to  be 
desired  that  this  valuable  suggestion  should  be  acted  upon. 

Mr.  Jerrard,  a  gentleman  resident,  we  believe,  in  Bristol,  but  well 
known  in  connexion  with  the  University  of  Cambridge,  had  at  the  pi'e- 
vious  meeting  of  the  Association  submitted  to  the  Section  of  Mathematics 
a  theorem,  the  very  designation  of  which  had  produced  an  extraordinary 
sensation  among  its  members.  It  was  a  theorem,  the  object  of  which 
was  no  other  than  "  to  solve,  by  a  general  method,  equations  of  the 
fourth  degree."  Our  readers  are  aware  that  a  simple  equation,  one  of 
the  first  degree,  is  one  of  very  easy  solution,  that  an  equation  of  the 
second  degree,  commonly  called  a  quadratic,  presents  greater  difficulties ; 
these,  however,  are  overcome  by  every  school-boy;  that  an  equation  of 
the  third  degree  or  a  cubic,  although  it  resisted  long  the  efforts  of  the 
earlier  mathematicians,  was  yet  long  ago  solved  by  that  philosopher, 
astrologer,  physician,  and  madman.  Cardan,  who  believed  the  solution 
to  have  been  communicated  to  him  by  a  familiar  spirit.  Descartes  at 
length  solved  an  equation  of  four  dimensions,  and  a  second  solution  Avas 
effected  by  Waring ;  and  here  analysis  was  arrested ;  no  method  was 
known  for  the  solution  of  equations  above  the  fourth  degree  :  the  method 
of  Mr.  Jerrard  was  one  which  proposed  to  itself  the  solution  of  equations 
of  every  degree.  It  was  one  of  great  complication  and  labour,  lying  on  the 
very  verge  of  analytical  knowledge,  and  requiring,  previous  to  any  investi- 
gation which  might  verify  it,  an  abundance  of  labour,  and  the  first  order 
of  mathematical  power;  it  was  accordingly  referred  to  Sir  William 
Hamilton,  to  report  upon  it  at  this  meeting  of  the  Association ;  and  80/. 
were  placed  at  his  disposal,  to  be  paid  to  the  person  whom  he  might 
employ  to  perform  the  actual  calculations  of  the  roots  of  certain  equa- 
tions, according  to  this  method. 

Sir  AVilliam  Hamilton  reported,  in  the  first  place,  that  he  had  not 
employed  any  portion  of  this  money;  that  he  had  otherwise  satisfied 
himself  of  the  merits  of  Mr.  Jerrard's  method,  which  he  discussed  at  con- 
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siderable  length,  and  greatly  eulogized ;  but  which  did  not  effect  the 
object  which  he  had  proposed.  The  following  account  of  Mr.  Jerrard's 
method  is  that  given  by  Mr.  Peacock,  of  Trinity  College,  Cambridge ;  we 
copy  it  as  most  correctly  reported  in  the  Bristol  Mirror. 

Mr.  Peacock  expressed  his  concurrence  with  most  of  the  observations  of 
Sir  William  Hamilton  and  Professor  Babbat^e,  and  observed  that  the  import- 
ance and  value  of  Mr.  Jerrard's  researches  ought  not  to  be  altogether  estimated 
by  his  success  in  the  general  solution  of  equations  of  higher  degrees  than  the 
fourth.  By  means  of  more  correct  definitions  of  symmetric  functions  than 
those  which  had  been  commonly  employed,  and  by  the  separation  of  the 
symbols  of  operation  from  those  of  quantity  in  the  manner  first  proposed  by 
Arbo^i^ast,  and  by  the  adoption  of  a  conventional  notation  equally  simple  and 
comprehensive,  Mr.  Jerrard  had  succeeded  in  the  expression  of  symmetrical 
products  of  any  entire  rational  functions  by  formulae  almost  equally  simple 
with  those  of  the  binomial  and  multinomial  theorem.  He  was  thus  enabled 
to  effect  the  transformation  of  equations,  when  the  new  unknown  quantity 
expresses  any  rational  and  entire  function  of  that  in  the  original  equation,  the 
co-efficients  of  the  new  equation  being  all  included  in  his  general  formula. 
Mr.  Peacock  considered  this  method  of  Mr.  Jerrard  as  constituting  a  very 
important  addition  to  the  power  which  has  hitherto  been  possessed  by  analysts 
in  the  treatment  of  symmetrical  functions,  and  in  the  transformation  of  equa- 
tions,— Ischirnhausen  proposed  to  reduce  equations  of  all  orders  to  binomial 
equations  by  transformations  which  destroyed  simultaneously  all  the  interme- 
diate terms ;  the  application  of  this  method  requires  the  elimination  of  a  series 
of  unknown  quantities  from  equation  (whose  terms  are  expressed  by  Mr.  J.'s 
general  formula?)  of  the  first,  second,  third,  and  regularly-ascending  degrees: 
the  final  equation  which  results  (for  equation  beyond  the  third  degree)  rises 
to  a  higher  degree  than  that  of  the  equation  to  be  solved.  Mr.  Jerrard,  how- 
ever, by  the  introduction  of  a  sufficient  number  of  terms  into  his  reducing 
equation  (whose  co-efficients  are  to  be  determined  by  the  required  conditions,) 
lias  shown  in  what  manner  the  second,  third,  and  fourth  terms,  or  the  second, 
third,  and  fourth  "terms  of  any  equation  beyond  the  fourth  degree  maybe 
simultaneously  exterminated,  by  means  of  equations  of  the  third  or  fifth 
degrees.  Mr.  Peacock  observed  that  he  considered  the  process  which  had 
been  employed  by  Mr.  Jerrard  for  this  purpose  as  eminently  ingenious  and 
original,  and  that  he  was  unable  to  discover  any  defect  in  his  reasoning,  though 
the  possibility  of  solving  this  very  considerable  problem  had  escaped  the 
observation  of  Lagrange.  Mr.  P.  said  the  extension  of  Mr.  Jerrard's  process 
to  the  simultaneous  extermination  of  four  successive  terms  of  an  equation  of 
five  dimensions,  or  its  reduction  to  one  of  De  Moivre's  solvible  forms,  would 
require  the  introduction  of  more  terms  into  the  reducing  than  into  the  original 
equation,  and  would  consequently  introduce  relations  amongst  its  co-efficients, 
which  were  necessarily  furnished  by  the  original  equation,  and  not  by  the 
conditions  which  the  process  of  solution  i-equire  to  be  satisfied.  It  was  for 
this  reason  that  Mr.  Peacock  was  disposed  to  doubt  the  applicability  of  Mr. 
Jerrard's  method  to  the  solution  of  equations  beyond  the  fourth  degree. 
Mr.  Peacock  proceeded  to  observe  that  every  method  which  had  hitherto  been 
proposed  for  the  general  solution  of  equations  had  been  shown  to  be  impracti- 
cable, and  that  he  was  himself  so  far  influenced  by  Abel's  reasoning  as  to 
believe  that  the  general  expression  for  the  root  of  an  equation  of  the  fifth 
degree  (if  any  such  existed)  would  be  an  unknown  transcendent.  li\  inquiries 
of  this  very  difficult  nature,  which  approach  the  extreme  limit  of  the  abstract 
speculations  of  the  human  mind,  it  would  be  equally  unsafe  and  unphilosophical 


THE    BRITISH    ASSOCIATION.  147 

to  assert  that  the  solution  of  this  or  any  other  problem  was  impossible,  unless 
it  is  distinctly  defined  in  what  sense  that  impossibility  is  understood ;  the 
researches  of  analysts  are  perpetually  leading  to  a  knowledge  of  the  existence 
and  properties  of  new  transcendents,  the  necessary  results  of  symbolical  lan- 
guage aad  reasoning,  whose  complete  developement  and  expression,  by  the 
ordinai'y  operations  and  signs  of  algebra,  is  altogether  impracticable;  and  it  is 
to  expressions  of  this  kind  that  we  must  probably  look  in  the  further  prosecu- 
tion of  such  inquiries  as  those  which  were  the  primary  objects  of  Mr.  Jerrard's 
most  valuable  and  original  memoir. 

The  report  read  by  Professor  Phillips  on  the  Interior  Temperature  of 
the  Earth,  was  in  so  far  interesting  as  it  tended  to  show,  from  experi- 
ments made  by  Professor  Forbes  in  the  mines  of  the  Lead- hills,  by  Mr. 
Buddie,  at  Newcastle,  and  Mr.  Anderson,  at  Wearmouth,  that  the  re- 
ceived theory  of  the  increase  of  temperature  as  we  descend,  is  correct. 
In  one  of  the  examples  cited,  the  thermometer  stood  at  78°  in  the  mine, 
and  the  mean  temperature  at  the  surface  was  47^°,  whilst  the  depth  was 
525  yards.  In  a  mine  at  Newcastle,  at  280  yards  below  the  surface,  with 
a  mean  temperature  of  47i°,  the  thermometer  stood  at  64°,  being  very 
nearly  the  augmentation  of  a  degree  for  every  fifteen  yards,  which  pro- 
position might  be  taken  as  the  average  in  a  determinate  ratio.  In  a 
mine  at  Manchester,  at  a  depth  of  337  yards,  it  was  62° ;  in  a  salt-mine 
at  North wich,  1 12  feet  deep,  52° ;  and  in  a  mine  at  Bedminster,  near 
Bristol,  which  had  been  ascertained  within  a  few  days,  at  a  depth  of 
170  yards,  it  was  64°.  In  a  pit  at  Newcastle,  538  yards  deep,  or  about 
three-tenths  of  a  mile,  where  the  temperature  above  averaged  47?°,  that 
below  was  72°,  and  in  two  other  observations,  74|°  and  78°.  So  well 
were  these  principles  known  at  Paris,  that  he  had  been  informed  a  well 
was  in  process  of  being  sunk  for  the  purpose  of  obtaining  hot  water, 
which  he  had  no  doubt  did  exist  in  the  interior. 

Among  the  most  interesting  of  the  communications  made  to  the 
meeting,  were  those  of  Mr.  Russel,  of  Edinburgh,  on  the  subject  of 
Traction  on  Canals;  and  as  connected  with  this  subject,  that  of  a  certain 
wave  which  is,  it  appears,  produced  in  a  canal  when  a  body  is  put  in 
motion,  analogous  to  that  which  might  be  produced  if  we  suppose  a 
mass  of  water  suddenly  to  be  let  in  at  the  extremity  of  the  canal.  This 
wave,  Mr.  Russel  stated,  to  move  along  the  canal  with  an  icniforrn 
velocity,  between  which  and  the  depth  of  the  canal  there  was  this  re- 
markable relation,  that  the  velocity  was  exactly  that  which  a  heavy 
body  would  acquire  in  falling  freely  through  a  space  equal  to  one  half 
the  depth  of  the  canal.  Proceeding  continually  with  this  same  velocity, 
but  diminishing  continually  in  height,  the  same  wave  had  been  followed 
by  Mr.  Russel,  and  distinctly  seen  for  a  mile  and  a-half;  and  it  had 
been  perceived  in  another  case  to  exist  at  a  distance  of  three  miles 
from  the  place  where -it  originated.  Since  the  velocity  of  the  wave 
depends  upon  the  depth  of  the  canal,  it  will  be  affected  by  any  occasional 
shallowness,  and  will  be  less  near  the  sides  than  at  the  centre ;  and, 
moreover,  canals  differing  from  one  another  in  depth,  will  have  different 
corresponding  velocities  of  the  waves  which  are  propagated  through  them. 
Now  upon  this  depends  a  most  important  condition  of  the  traction  of 
barges  upon  the  canal  at  high  velocities. 

L  2 


148  THE   BRITISH    ASSOCIATION. 

The  received  law  of  the  resistance  of  fluids,  is  one  by  which  it  is 
made  to  vary  as  the  square  of  the  velocity ;  so  that  a  boat  drawn 
through  a  fluid  with  twice  the  velocity  of  another,  would  require  four 
times  the  traction ;  drawn  with  three  times  the  velocity,  it  would 
require  nine  times  the  traction,  and  so  on.  And  if  this  law  had  no 
modification  in  practice,  to  draw  a  boat  at  nine  miles  an  hour  would 
require  nine  times  the  traction,  (nine  times  the  actual  pull  of  the  horse, 
to  say  nothing  of  the  rate  at  which  he  must  go,)  that  it  would  to  draw 
it  at  the  ordinary  rate  of  three  miles  an  hour.  Thus,  the  possibility  of 
impelling  canal-boats  to  any  useful  purpose  with  any  but  very  low  velo- 
cities was  never  thought  of.  Boats  are,  nevertheless,  now  drawn 
commonly  on  the  Forth  and  Clyde  canal,  at  the  rate  of  nine  or  ten,  or, 
we  believe,  in  some  cases,  at  twelve  miles  an  hour,  and  with  less  trac- 
tion than  they  can  be  drawn  at  four,  five,  or  six  miles  an  hour.  The 
wave  observed  by  Mr.  Russel,  and  the  uniformity  of  its  motion,  connects 
itself  with  this  fact.  The  boat,  when  put  in  motion,  sends  its  wave  be- 
fore it,  whose  motion  has  nothing  whatever  to  do  with  that  of  the  boat, 
but  depends  only  upon  the  depth  of  the  canal.  In  the  Forth  and  Clyde 
canal,  its  velocity  is  eight  miles  an  hour.  Whilst  the  boat  moves  then 
at  less  than  this  velocity,  it  is  behind  the  wave ;  and  so  long  the  resist- 
ance is  continually  greater  as  the  velocity  is  greater,  and  according  to  the 
received  law  of  the  squares. 

At  seven  miles  and  a  half,  or  eight  miles  and  a  half  an  hour,  the 
boat  overtakes  the  wave,  and  is  lifted  upon  it,  and  then  the  traction, 
instead  of  being  less  than  it  was  at  seven  or  seven  miles  and  a  half, 
became  suddenly  greater.  It  was  in  one  instance  observed  to  be  at 
71  miles  an  hour,  330  lbs.  by  the  dynamometer,  while  at  8|  miles, 
instead  of  further  increasing,  it  fell  to  236  lbs.  The  complete  explana- 
tion of  this  fact  remains,  perhaps,  to  be  given ;  the  fact  itself  is  unques- 
tionable.    Its  application  to  the  navigation  of  canals  is  evident. 

Every  canal  has,  according  to  its  depth,  a  certain  velocity  of  wave, 
on  which  depends  the  rate  at  which  a  fast  boat  may  best  be  impelled. 

This  communication  of  Mr.  Russel  was  made  to  the  Section  of 
Mechanical  Science,  which  had  been  opened  by  a  discussion  between 
Professor  Moseley  and  Dr.  Lardner  on  an  important  point  in  the  theory 
of  rail-roads.  It  appears,  that  in  certain  calculations  made  to  determine 
the  expense  of  working  a  given  load  on  two  difi^ererent  and  rival  lines  of 
rail-road,  an  assumption  had  been  made,  that  provided  the  inclination  did 
not  exceed  the  angle  of  repose,  the  additional  expense  of  coals  in  work- 
ing the  load  up  the  incline  would  be  compensated  by  the  diminished 
traction  down  it.  This  position  Professor  Moseley  denied.  It  was,  he 
admitted,  true  in  respect  to  the  direct  traction  arising  from  gravity,  and 
in  respect  to  the  traction  arising  from  the  friction  of  the  train  on  the 
incline ;  but  it  was  not  true  in  respect  to  the  friction  of  the  machinery 
of  the  locomotive-carriage  itself,  which  friction  he  stated  to  be  a  consi- 
derable element  of  the  whole  resistance,  amounting  always  to  one-fourth 
or  one-fifth  of  the  whole  traction.  This  friction  of  the  machinery,  he 
stated  to  be  composed  of  two  parts :  1st.  The  passive  friction  of  the 
engine  being  that  which  would  be  necessary  to  put  the  wheels  in  motion, 
if  the  carriage  was  lifted  from  the  ground.     2ndly.  The   friction  of  the 
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engine,  resulting  from  the  force  which  it  overcomes,  and  therefore  propor- 
tional to  the  traction. 

The  first  of  these  resistances  is,  in  passing  over  an  incline,  worked 
over  the  two  sides  of  the  incline,  instead  of  over  the  base;  and  the  second 
is  increased  enormously  in  the  ascent  of  the  plane  by  the  traction,  whilst 
in  the  descent  it  is  only  diminished  until  it  is  equal  to  that  on  the 
horizontal  plane ;  leaving  on  the  whole  a  very  considerable  loss  of  power, 
and  therefore  of  fuel,  by  the  ascent.  In  the  course  of  this  discussion, 
Dr.  Lardner  stated  that  he  had  entirely  arrested  the  descent  of  a  train 
upon  an  incline  by  scattering  sand  upon  it,  and  he  suggested  that  great 
practical  advantage  might  be  derived  from  attaching  watering-pots  to  the 
carriages,  by  which  the  rails  miglit  be  watered  before  the  wheels,  and  the 
friction  materially  reduced. 

An  extremely  interesting  and  important  paper  was  read  in  Section 
A,  by  Professor  Powell,  on  Refractive  Indices. 

The  determination  of  the  refractive  indices  for  definite  rays  of  the 
solar  spectrum,  marked  by  the  dark  lines,  from  the  direct  observation  of 
their  deviations  produced  by  prisms  of  different  substances,  first  proposed 
and  executed  by  Fraunhofer,  for  ten  media,  solid  and  fluid,  was  carried 
on  by  Mr.  Rudberg  for  ten  more  cases.  The  necessity  of  an  extended 
series  of  such  determinations  was  pointed  out  by  Sir  J,  Ilerschel  and 
Sir  D.  Brewster,  and  was  further  urged  by  a  special  recommendation  of 
the  British  Association.  Mr.  Powell,  by  a  simple  and  most  ingenious 
apparatus,  has  ascertained  the  refractive  indices  belonging  to  each  of  the 
standard  primary  rays  for  various  media,  which  may  be  considered  as  a 
most  valuable  contribution  to  this  branch  of  science. 

The  following  are  among  the  most  interesting  communications  in 
Chemistry  and  Mineralogy  : — 

Dr.  Hare  (of  Philadelphia)  described  the  mode  he  had  devised  for 
Blasting  Rocks  in  America;  the  apparatus  consists  of  two  copper-wires 
joined  by  a  small  platina-wire,  in  the  middle  of  a  tin  case  containing  the 
gunpowder  to  be  exploded.  The  two  extremities  are  attached  to  a  calorimeter, 
and  when  this  is  set  in  action  the  voltaic  ignition  is  effected.  The  advantages 
of  this  mode  are,  that  the  action  is  instantaneous,  and  may  be  carried  to  a 
considerable  distance  from  the  persons  employed.  Dr.  H.  stated  that  12 
simultaneous  discharges  in  a  rock  had  been  made  at  150  feet  distance;  and 
he  had  no  doubt  that  very  large  blocks  for  columns,  &c.,  might  thus  i-eadily 
be  detached.  These  combined  explosions  may,  of  course,  be  made  beneath 
water,  and  aiford  an  obvious  mode  of  blowing  up  rocks  impeding  navigation. 

Besides  these  advantages,  the  causes  of  human  suifering  and  calamity 
are  lessened.  If  the  explosion  is  not  effected  the  instant  the  voltaic  apparatus 
is  in  full  use,  then  the  cause  of  failure  may  fearlessly  be  sought  after  the 
voltaic  apparatus  has  been  disconnected,  and  thus  the  many  accidents  resulting 
from  approaching  and  disturbing  a  delayed  but  ignited  train  are  avoided. 

Instances  were  given  of  this  description,  and  a  painful  case  related,  where 
the  ignited  train  had  not  exploded ;  and  after  two  hours  had  elapsed,  the  unfor- 
tunate man  descended  into  the  mine,  which  was  filled  with  suffocating  gases, 
evolved  from  the  smouldering  combustion  of  the  train  and  some  tallow,  &c., 
accidentally  present ;  he  was  followed,  at  different  intervals,  by  his  two  sons, 
who  also  fell  victims.  By  Dr.  Hare's  method  of  firing  the  gunpowder,  these 
and  other  obvious  dangers  are  avoided. 
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Dr.  Charles  Henry  read  a  very  interesting  paper  upon  the  Power  of  certain 
Gases  to  interfere  or  prevent  the  union  of  Oxygen  and  Hydrogen  by  the 
action  of  Platina. 

Dr.  H.  described  the  pecuHar  powers  of  platina  to  unite  oxygen  and 
hydrogen  gases  slowly  when  the  metal  was  solid,  or  in  the  state  of  foil  or  leaf, 
as  in  Faraday's  experiments.  He  referred  to  the  well-known  power  of  the 
spongy  platina,  which  quickly  determines  the  union  of  the  gases,  as  shown  by 
Dobereiner's  original  experiment ;  and  to  the  rapid  effects  accompanied  by  in- 
candescence when  the  fine  black  platina-powder  prepared  by  Liebig's  pro- 
cess is  employed,  Carbonic  oxide,  olefiant,  and  other  gases,  either  prevent 
an  explosive  mixture  from  combining,  or  retard  the  action,  and  they  do  so. 
Dr.  H.  found,  because  the  platina  exerts  the  power  of  uniting  the  carbonic 
oxide  to  the  oxygen  to  produce  cai"bonic  acid.  He  states  that  all  the  inter- 
fering gases  unite  with  oxygen,  and  they  are  determined  by  the  platina  in  the 
order  of  combustion.  He  pointed  out  the  influence  of  temperature  in  exalt- 
ing the  chemical  energies  ;  and  also  that  the  interfering  gases  prevented 
explosive  mixtures  from  being  united  by  the  electric  spark. 

Dr.  Turner  considered  the  experiments  and  explanations  of  Dr.  Henry 
as  very  satisfactory. 

Mr.  Herapath  showed  expex'iments  for  detecting  very  minute  portions  of 
Arsenic.  The  tests  by  ammonia-sulphate  of  copper,  (Scheele's  green,)  and 
ammonia-nitrate  of  silver,  were  rendered  more  delicate  by  placing  a  drop  of 
tested  fluid  on  blotting-paper  placed  upon  chalk,  and  so  absorbing  the  solu- 
tions from  the  arsenical  precipitates,  yg^ff^o-  ^^  '^  grain  of  arsenic  might 
thus  be  rendered  evident,  and  preserved  for  inspection. 

He  showed  the  recent  decisive  mode  of  discovering  arsenious  acid,  and 
for  experiment,  he  mixed  the  arsenical  substance  with  embarrassing  matter, 
such  as  fat,  &c. 

Mr.  W.  West,  of  Leeds,  read  a  paper  on  a  means  of  ascertaining  the 
presence  and  proportion  of  substances  diflfused  in  small  quantities  through 
the  atmosphere. 

The  author  proposed,  by  means  of  self-adjusting  wind-sails,  to  draw 
large  measured  quantities  of  atmospheric  air  through  liquids  calculated  to 
combine  with,  and  detain  the  foreign  substances  expected,  and  thus  determine 
the  presence  and  quantities,  for  example,  of  saline  matters  on  the  shores 
of  the  ocean,  or  when  carried  by  gales  over  inland  countries.  In  the  neigh- 
bourhood of  towns  it  is  obvious  that  the  combustion  of  coals,  and  the  pro- 
cesses of  art  must  contaminate  the  air.  Indeed,  Dr.  Macculloch  some  years 
ago  pointed  out  sulphate  of  ammonia,  and  other  salts  existing  in  the  Lon- 
don air. 

Dr.  Thomson  remarked,  that  in  Glasgow  and  some  English  towns, 
silver  could  not  be  kept  many  weeks  before  it  was  attacked  by  sulphur 
vapours,  while  on  the  Continent  he  had  seen  plate  which  had  been  exposed 
for  fifty  years,  not  so  much  affected. 

Professor  Johnston  brought  before  the  Section  his  chemical  tables,  pub- 
lished in  4to.,  of  which  a  specimen,  entitled  "  Chemical  Constants,"  had 
been  laid  before  the  Association  at  their  meeting  in  Dublin.  The  suggestion 
of  collecting  a  series  of  tables  of  constants  in  nature  and  art  was  made  by 
Mr.  Babbage,  and  which  he  (Professor  Johnston)  had  applied  to  chemistry. 
One  important  advantage  likely  to  result  from  each  table  was,  that  by  pre- 
senting to  the  mind  all  known  facts,  as  it  were  in  a  single  glance,  they  would 
enable  it  more  readily  and  more  distinctly  to  trace  the  mutual  relations  of 
bodies,  and  more  easily  to  attain  general  and  enlarged  views  of  the  leading 
doctrines,  objects,  and  prospects  of  chemical  science.     But  another  advantage. 
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and  one  which  came  more  clearly  within  the  scope  and  objects  of  the  Britii^h 
Association  was,  that  by  collecting  into  one  mass  the  scattered  fragments  of 
knowledge,  some  waste  of  time  and  labour  might  be  spared  to  the  assiduous 
experimenter ;  while  by  showing  what,  and  how  much  really  remained  to  be 
done,  they  would  point  out  new  paths  on  which  he  might  enter,  with  honour 
to  himself  and  advantage  to  the  science.  They  might  be  expected  also  to 
enlist  new  labourers  in  the  cause  of  original  research,  since  there  was  no 
experimenter  whose  means  were  so  limited,  as  not  to  be  able  to  fill  up  some 
of  the  many  blanks  which  those  tables  presented.  These  tables  of  Mr  John- 
ston may  be  expected  to  afford  a  new  and  exceedingly  valuable  mode  of 
collecting  and  recording  those  facts  and  details  now  in  MS.,  and  which  but 
for  some  such  means  would  be  kept  from  the  world.  Every  experimentalist, 
ascertains  facts,  and  tries  numbers  of  experiments,  the  details  of  which  are  too 
minute  for  publication  or  recollection,  if  published  separately, — and  it  is  quite 
obvious  that  facts  may  be  tabulated  which  otherwise  would  not  be  deemed 
worthy  of  separate  publication, — we  do  most  sincerely  hope  that  each  chemist 
capable  of  filling  up  a  blank,  would  take  the  opportunity,  at  some  future 
meeting  of  the  Association,  to  give  his  information  to  Mr.  Johnston. 

Dr.  Thomson  read  a  detailed  account  of  the  experiments  on  the  com- 
bination of  Sulphuric  Acid  and  Water  he  had  made  with  great  care,  and  dis- 
tributed some  tabular  results  of  the  alteration  of  the  specific  heat  of  the  dif- 
ferent mixtures  of  oil  of  vitriol  combined  with  from  one  to  ten  atoms  of  water. 
He  stated  that  his  experiments,  if  repeated  by  others,  must  be  made  with  the 
full  knowledge  that  pure  sulphuric  acid  is  not  made  in  Great  Britain ;  all  the 
acid  of  commerce  contains  nitric  acid,  sulphurous  acid,  (and,  we  may  add, 
frequently  muriatic  acid  also.)  He  asserted  that  sulphuric  acid  manufac- 
tured in  this  country  would  give  results  differing  entirely  from  his.  Any 
chemist,  on  diluting  the  oil  of  vitriol  with  water,  will  obtain  acid  vapours 
of  these  substances. 

The  specific  gravity  of  pure  oil  of  vitriol — (1  atom  of  dry  sulphuric  acid 
4-1  atom  of  water)  is  1.8422  at  59°  of  Fahr. 

The  acid  Dr.  Thomson  used,  was  the  acid  obtained  from  Nordhausen,  in 
Saxony. 

Mr.  W.  C.  Jones  read  a  paper  on  a  peculiar  modification  of  Gluten,  and 
on  a  peculiar  volatile  fluid.  He  stated  that  the  compounds  he  described  were 
procured  in  an  elaborate  analysis  of  wheat.  The  result  of  the  quantity  of  its 
relative  ingredients  was  very  different  to  that  obtained  by  preceding  chemists, 
and  from  the  care  taken  in  the  experiments,  appeared  to  meet  the  approba- 
tion of  the  members  of  the  section  who  were  present.  The  gluten,  of  which 
he  produced  a  specimen,  differed  entirely  from  that'  obtained  in  the  usual 
way,  being  perfectly  soluble  in  alcohol  and  water,  and  also  possessed  other 
interesting  properties. 

The  peculiar  volatile  fluid  was  obtained  from  the  distillation  of  the  lignin 
of  wheat  with  sulphuric  acid,  and  appeared  to  be  entirely  unknown,  opening, 
Mr.  Jones  observed,  a  wide  field  for  investigation.  He  also  proved  that,  con- 
trary to  all  former  analysis,  the  lignin  of  wheat  contained  nitrogen  as  one  of 
its  elements.  He  likewise  showed  that  starch  could  be  immediately  converted 
into  sugar  by  sulphuric  acid,  and  which  would  appear  to  be  in  opposition  to 
the  experiments  of  Saussure.  Mr.  Jones  stated  that  wheat  from  the  South 
of  Europe  contained  more  gluten  than  English  wheat,  by  two  or  three  per 
cent. 

Lithic  Add. — Mr.  Herapath  has  observed  that  Lithiate  of  Ammonia 
is  secreted  by  certain  insects ; — the  Silk-worm  Moth,  the  Privet  and  Puss 
Moths,  were  among  those  from  which  he  had  obtained  it.     The  most  curious 
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Dr.  Charles  Henry  read  a  very  iuterestinp;  paper  upon  the  Power  of  certain 
Gases  to  interfere  or  prevent  the  union  of  Oxygen  and  Hydrogen  by  the 
action  of  Platina. 

Dr.  H.  described  the  peculiar  powers  of  platina  to  unite  oxygen  and 
hydrogen  gases  slowly  when  the  metal  was  solid,  or  in  the  state  of  foil  or  leaf, 
as  in  Faraday's  experiments.  He  referred  to  the  well-known  power  of  the 
spongy  platina,  which  quickly  determines  the  union  of  the  gases,  as  shown  by 
Dobereiner's  original  experiment ;  and  to  the  rapid  effects  accompanied  by  in- 
candescence when  the  fine  black  platina-powder  prepared  by  Liebig's  pro- 
cess is  employed,  Carbonic  oxide,  olefiant,  and  other  gases,  either  prevent 
an  explosive  mixture  from  combining,  or  retard  the  action,  and  they  do  so. 
Dr.  H.  found,  because  the  platina  exerts  the  power  of  uniting  the  carbonic 
oxide  to  the  oxygen  to  produce  carbonic  acid.  He  states  that  all  the  inter- 
fering gases  unite  with  oxygen,  and  they  are  determined  by  the  platina  in  the 
order  of  combustion.  He  pointed  out  the  influence  of  temperature  in  exalt- 
ing the  chemical  energies ;  and  also  that  the  interfering  gases  prevented 
explosive  mixtures  from  being  united  by  the  electric  spark. 

Dr.  Turner  considered  the  experiments  and  explanations  of  Dr.  Henry 
as  very  satisfactory. 

Mr.  Herapath  showed  experiments  for  detecting  very  minute  portions  of 
Arsenic.  The  tests  by  ammonia-sulphate  of  copper,  (Scheele's  green,)  and 
ammonia-nitrate  of  silver,  were  rendered  more  delicate  by  placing  a  drop  of 
tested  fluid  on  blotting-paper  placed  upon  chalk,  and  so  absorbing  the  solu- 
tions from  the  arsenical  precipitates,  -jo^s^  of  a  grain  of  arsenic  might 
thus  be  rendered  evident,  and  preserved  for  inspection. 

He  showed  the  recent  decisive  mode  of  discovering  arsenious  acid,  and 
for  experiment,  he  mixed  the  arsenical  substance  with  embarrassing  matter, 
such  as  fat,  &c. 

Mr.  W.  West,  of  Leeds,  read  a  paper  on  a  means  of  ascertai?ling  the 
presence  and  proportion  of  substances  diffused  in  small  quantities  through 
the  atmosphere. 

The  author  proposed,  by  means  of  self-adjusting  wind-sails,  to  draw 
large  measured  quantities  of  atmospheric  air  through  liquids  calculated  to 
combine  with,  and  detain  the  foreign  substances  expected,  and  thus  determine 
the  presence  and  quantities,  for  example,  of  saline  matters  on  the  shores 
of  the  ocean,  or  when  carried  by  gales  over  inland  countries.  In  the  neigh- 
bourhood of  towns  it  is  obvious  that  the  combustion  of  coals,  and  the  pro- 
cesses of  art  must  contaminate  the  air.  Indeed,  Dr.  Macculloch  some  years 
ago  pointed  out  sulphate  of  ammonia,  and  other  salts  existing  in  the  Lon- 
don air. 

Dr.  Thomson  remarked,  that  in  Glasgow  and  some  English  towns, 
silver  could  not  be  kept  many  weeks  before  it  was  attacked  by  sulphur 
vapours,  while  on  the  Continent  he  had  seen  plate  which  had  been  exposed 
for  fifty  years,  not  so  much  affected. 

Professor  Johnston  brought  before  the  Section  his  chemical  tables,  pub- 
lished in  4to.,  of  which  a  specimen,  entitled  "  Chemical  Constants,"  had 
been  laid  before  the  Association  at  their  meeting  in  Dublin.  The  suggestion 
of  collecting  a  series  of  tables  of  constants  in  nature  and  art  was  made  by 
Mr.  Babbage,  and  which  he  (Professor  Johnston)  had  applied  to  chemistry. 
One  important  advantage  likely  to  result  from  each  table  was,  that  by  pre- 
senting to  the  mind  all  known  facts,  as  it  were  in  a  single  glance,  they  would 
enable  it  more  readily  and  more  distinctly  to  trace  the  mutual  relations  of 
bodies,  and  more  easily  to  attain  general  and  enlarged  views  of  the  leading 
doctrines,  objects,  and  prospects  of  chemical  science.     But  another  advgntage. 
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and  one  which  came  more  clearly  within  the  scope  and  objects  of  the  British 
Association  was,  that  by  collecting  into  one  mass  the  scattered  fragments  of 
knowledge,  some  waste  of  time  and  labour  might  be  spared  to  the  assiduous 
experimenter ;  while  by  showing  what,  and  how  much  really  remained  to  be 
done,  they  would  point  out  new  paths  on  which  he  might  enter,  with  honour 
to  himself  and  advantage  to  the  science.  They  might  be  expected  also  to 
enlist  new  labourers  in  the  cause  of  original  research,  since  there  was  no 
experimenter  whose  means  were  so  limited,  as  not  to  be  able  to  fill  up  some 
of  the  many  blanks  which  those  tables  presented.  These  tables  of  Mr  John- 
ston may  be  expected  to  afford  a  new  and  exceedingly  valuable  mode  of 
collecting  and  recording  those  facts  and  details  now  in  MS.,  and  which  but 
for  some  such  means  would  be  kept  from  the  world.  Every  experimentalist, 
ascertains  facts,  and  tries  numbers  of  experiments,  the  details  of  which  are  too 
minute  for  publication  or  recollection,  if  published  separately, — and  it  is  quite 
obvious  that  facts  may  be  tabulated  which  otherwise  would  not  be  deemed 
worthy  of  separate  publication, — we  do  most  sincerely  hope  that  each  chemist 
capable  of  filling  up  a  blank,  would  take  the  opportunity,  at  some  future 
meeting  of  the  Association,  to  give  his  information  to  Mr.  Johnston. 

Dr.  Thomson  read  a  detailed  account  of  the  experiments  on  the  com- 
bination of  Sulphuric  Acid  and  Water  he  had  made  with  great  care,  and  dis- 
tributed some  tabular  results  of  the  alteration  of  the  specific  heat  of  the  dif- 
ferent mixtures  of  oil  of  vitriol  combined  with  from  one  to  ten  atoms  of  water. 
He  stated  that  his  experiments,  if  repeated  by  others,  must  be  made  with  the 
full  knowledge  that  pure  sulphuric  acid  is  not  made  in  Great  Britain ;  all  the 
acid  of  commerce  contains  nitric  acid,  sulphurous  acid,  (and,  we  may  add, 
frequently  muriatic  acid  also.)  He  asserted  that  sulphuric  acid  manufac- 
tured in  this  country  would  give  results  differing  entirely  from  his.  Any 
chemist,  on  diluting  the  oil  of  vitriol  with  water,  will  obtain  acid  vapours 
of  these  substances. 

The  specific  gravity  of  pure  oil  of  vitriol — (1  atom  of  dry  sulphuric  acid 
+  1  atom  of  water)  is  1.8422  at  59°  of  Fahr. 

The  acid  Dr.  Thomson  used,  was  the  acid  obtained  from  Nordhausen,  in 
Saxony. 

Mr.  W.  C.  Jones  read  a  paper  on  a  peculiar  modification  of  Gluten,  and 
on  a  peculiar  volatile  fluid.  He  stated  that  the  compounds  he  described  were 
procured  in  an  elaborate  analysis  of  wheat.  The  result  of  the  quantity  of  its 
relative  ingredients  was  very  different  to  that  obtained  by  preceding  chemists, 
and  from  the  care  taken  in  the  experiments,  appeared  to  meet  the  approba- 
tion of  the  members  of  the  section  who  were  present.  The  gluten,  of  which 
he  produced  a  specimen,  differed  entirely  from  that"  obtained  in  the  usual 
way,  being  perfectly  soluble  in  alcohol  and  water,  and  also  possessed  other 
interesting  properties. 

The  peculiar  volatile  fluid  was  obtained  from  the  distillation  of  the  lignin 
of  wheat  with  sulphuric  acid,  and  appeared  to  be  entirely  unknown,  opening, 
Mr.  Jones  observed,  a  wide  field  for  investigation.  He  also  proved  that,  con- 
trary to  all  former  analysis,  the  lignin  of  wheat  contained  nitrogen  as  one  of 
its  elements.  He  likewise  showed  that  starch  could  be  immediately  converted 
into  sugar  by  sulphuric  acid,  and  which  would  appear  to  be  in  opposition  to 
the  experiments  of  Saussure,  Mr.  Jones  stated  that  wheat  from  the  South 
of  Europe  contained  more  gluten  than  English  wheat,  by  two  or  three  per 
cent. 

Lithic  Acid. — Mr.  Herapath  has  observed  that  Lithiate  of  Ammonia 
is  secreted  by  certain  insects ; — the  Silk-worm  Moth,  the  Privet  and  Puss 
Moths,  were  among  those  from  which  he  had  obtained  it.     The  most  curious 
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point  was,  that  it  should  be  produced  by  creatures  living  entirely  upon  vege- 
table food. 

Dr.  Macartney  read  an  interesting  paper  on  the  mode  of  preserving 
Animal  and  Vegetable  Substances,  in  the  course  of  which  he  stated,  that  by 
washing  insects,  skins  of  animals,  or  flowers,  in  essential  oil  of  cloves,  or  in- 
deed in  any  essential  oil,  they  might  be  preserved  for  a  great  length  of  time 
without  injury. 

On  the  18th  of  November  last,  Mr.  Herapath  had  an  opportunity  of 
witnessing  a  brilliant  display  of  the  Aurora  Boreal  is,  which  he  thus  describes. 

"  About  nine  o'clock  on  the  evening  in  question,  a  heavy  and  well-defined 
cloud  bounded  the  north-western  horizon.  It  was  surmounted  on  its  upper 
curved  surface  by  pale  phosphoric  light,  which  seemed  to  radiate  from  that 
surface,  and  occasionally,  or  in  fact  frequently,  waves  (or  as  they  are  usually 
called  "  streamers"),  flitted  from  the  principal  light,  proceeding  to  dif- 
ferent distances,  but  in  the  same  direction,  and  sometimes  passing  the  zenith. 
These  varied  repeatedly  in  form,  magnitude,  and  solidity,  yet  they  were 
always  so  rare,  that  the  stars  (which  were  very  bright  at  the  commencement) 
were  visible  through  their  substance.  It  would  have  been  impossible  in  the 
darkness  (the  aurora  furnishing  the  only  light)  to  form  a  judgment  of  the 
distance  or  the  height  of  the  pale  light  or  of  the  streamers' proceeding  from 
it ;  but  after  keeping  the  eye  fixed  upon  it  for  some  time,  I  observed,  that 
although  the  cloud  had  seemed  immoveable,  yet  that  small  portions  were 
being  constantly  detached  from  it;  these  were  drifted  away,  and  rapidly 
dissolved,  none  of  them  reaching  the  zenith,  and  upon  a  large  fragment 
having  been  blown  off,  it  was  surrounded  by  the  same  diffuse  light  as  ap- 
peared on  the  great  mass  of  cloud.  Having  once  seen  this,  I  looked  still 
closer  after  every  fragment,  and  found  that  they  all  presented  the  same 
appearances.  As  the  light  declined,  the  detached  portions  were  dissolved 
with  more  difficulty, — the  air  became  hazy,  and  by  half-past  ten  all  was  gone, 
the  atmosphere  being  cloudy. 

"  It  was  evident,  then,  that  the  cause  of  the  Aurora  was  something  that 
attended  ujwn  water,  as  found  in  clouds,  and  that  it  was  evolved  during  the 
solution  of  that  water  in  air.  The  cloud  itself  was  clearly  electrical,  being 
of  the  nimbus  variety,  and  in  the  midst  of  the  streamers;  I  twice  perceived  a 
short,  faint-blue  electrical  spark,  just  as  I  have  seen  when  imitating  the 
Aurora  in  a  partially-exhausted  flask,  when  the  electrical  spark  happened 
to  be  a  little  too  strong.  There  is  a  very  strong  probability,  therefore,  that 
Aurora  is  merely  electricity  passing  off  from  a  charged  cloud  in  the  act  of 
dissolving  in  air  that  can  take  its  water  but  not  its  electrical  fluid,  which 
fluid  while  dispersing  through  a  rare  atmosphere,  becomes  evident  to  the 
eye." 

Sugar  from  Mowers. — Professor  Henslow  referred  to  the  formation  of 
sugar  in  plants,  and  exhibited  a  crystal  which  had  fallen  from  near  the 
corolla  of  the  common  anodendron.  Immediately  after  the  saccharine  matter 
had  exuded  it  formed  a  crystal. 

In  the  Section  C  of  Geology,  there  was  read  a  paper  On  the  old 
Slate-Rocks  and  Culm-Deposits  qjf  Devo7ishire,  by  Professor  Sedgwick, 
and  J.  R.  Murchison,  Esq.,  V.P.R.S.,  &c. 

Mr.  Murchison  began  by  observing,  that  he  was  about  to  submit  a  mere 
outline  of  a  more  detailed  memoir  on  the  physical  structure  of  Devonshire, 
which,  in  conjunction  with  Mr.  Sedgwick,  he  purposed  to  lay  before  the 
Geological  Society  of  London.     One  object  they  had  in  view  was,  to  remedy 
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the  defects  in  existing  geological  maps,  as  to  colouring  subdivisions  of  forma- 
tions, and  another  to  ascertain  by  actual  Sections  the  true  position  of 
successive  deposits,  and  their  natural  subdivisions,  so  as  to  bring  them  into 
comparison  with  other  corresponding  deposits,  and  to  determine  their  true 
place  in  the  succession  of  British  formations.  By  help  of  a  Section  the 
following  succession  of  deposits  in  the  ascending  order  was  determined : — 

1.  A  system  of  slaty  rocks,  containing  a  vast  abundance  of  organic 
remains,  generally  in  the  form  of  casts ;  these  rocks  sometimes  pass  into  a  fine 
glossy  clay-slate,  with  a  ti'ue  transverse  cleavage, — sometimes  into  a  hard 
quartzo-flagstone,  not  unusually  of  a  reddish  tinge,  sometimes  into  a  reddish 
sandstone,  subordinate  to  which  are  bands  of  incoherent  shale;  in  North 
Devon  they  are  very  seldom  so  calcareous  as  to  be  burnt  for  lime,  but  in 
South  Devon,  rocks  of  the  same  age  appear  to  be  much  more  calcareous. 
This  series  is  finely  exposed  in  the  Valley  of  Rocks,  and  the  Valley  of  the  Lyn, 
but  its  base  is  nowhere  visible  in  this  line  of  section, 

2.  A  series  of  rocks,  characterized  by  great  masses  of  hard  thick-bedded 
red  sandstone  and  red  flagstone,  subordinate  to  which  are,  bands  of  red,  purple, 
and  variegated  shales ;  the  red  colour  occasionally  disappears,  and  the  forma- 
tion puts  on  the  ordinary  appearance  of  a  coarse  siliceous  graywacke,  subor- 
dinate to  which  are  some  bands  of  slate,  but  too  imperfect  to  be  used  for 
roofing.  This  system  contains  very  fine  organic  remains ;  it  is  several 
thousand  feet  in  thickness,  occupying  the  whole  coast  from  the  west  end  of 
the  Valley  of  Rocks  to  Combmartin,  being  thrown  back  by  a  dip  into  the  cliffs 
between  Porlock  bay  and  Linton;  it  re-appears  in  North  Hill  and  the  Quan- 
tock  Hills. 

3.  The  calcareous  slates  of  Combmartin  and  Ilfracombe ;  of  very  great 
aggregate  thickness,  abounding  in  organic  remains,  and  containing  in  a  part 
of  its  range  at  least  nine  distinct  ribs  of  limestone,  burnt  for  use.  This  lime- 
stone is  prolonged  into  Somersetshire,  and  is  apparently  the  equivalent  of  the 
limestone  on  the  flank  of  the  Quantock  Hills. 

4.  A  formation  of  lead-coloured  roofing-slate,  of  great  thickness,  and 
occupying  a  well-defined  zone  in  North  Devon,  its  upper  bed  alternating  with, 
and  gradually  passing  into,  a  great  deposit  of  green,  gray,  and  purple,  or  red 
sandstone,  and  sienaceous  flagstone.  These  siliceous  masses  alternate  with 
incoherent  slates,  and  are  in  some  places  surmounted  by  great  masses  of  red 
unctuous  shale,  which,  when  in  a  more  solid  form,  generally  exhibit  a  cleavage 
oblique  to  the  stratification. 

5.  The  Silurian  System,  resting  conformably  on  the  preceding,  of  great 
thickness,  on  the  western  coast  of  North  Devon,  occupying  a  zone  several 
miles  wide,  and  containing  many  subordinate  beds  and  masses  of  limestone. 
In  its  range  towards  the  eastern  part  of  the  county  it  gradually  thins  off,  but 
its  characters  are  well-preserved,  and  throughout  it  contains  an  incredible 
number  of  characteristic  organic  remains. 

6.  The  carbonaceous  system  of  Devonshire.  This  system  is  very  greatly 
expanded,  stretching  in  a  direction  east  and  west  across  the  county,  occupying 
the  whole  coast  from  the  neighbourhood  of  Barnstaple  to  St.  Gennis,  in  Corn- 
wall, and  on  its  southern  boundary  ranging  so  close  to  Dartmoor,  that  its 
lower  beds  have  been  tilted  up  and  mineralized  by  the  action  of  the  granite. 
This  great  formation  is  therefore  deposited  in  a  trough,  the  northern  border 
of  which  rests  partly  in  a  conformable  position  upon  the  Silurian  system,  and 
partly  upon  older  rocks,  partly  of  the  division  No.  4.  Its  southern  border 
rests  on  the  slate-rocks  of  Cornwall  and  Launceston,  and  on  the  north  flank 
of  Dartmoor.  From  one  side  to  the  other  it  exhibits  an  extraordinary  succesr 
sipn  of  violent  contortions,  but  its  true  place  in  the  ascending  section  admits 
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of  no  doubt  whatever.  In  some  places  it  is  overlaid  by  patches  of  green  sand, 
and  in  one  part  of  the  coast,  west  of  Bideford,  it  is  overlaid  by  the  conglome- 
rates of  the  new  red  sandstone,  which  are  seen  for  half  a  mile  resting  uncon- 
formably  on  its  edge.  The  lowest  portion  of  this  vast  deposit  is  generally 
thin-bedded,  sometimes  composed  of  sandstone  and  slate,  with  impressions  of 
plants, — sometimes  of  indurated  compact  slate,  both  in  an  earthy  and  crystal- 
line state.  These  beds  are  surmounted  by  alternations  of  shale  and  dark- 
coloured  limestone  with  a  few  fossils  ;  subordinate  to  these  on  the  west  side, 
are  many  thin  veins  and  flakes  of  culm  and  anthracite. 

On  the  eastern  side  of  the  county  the  coal  is  wanting,  and  the  calcareous 
beds  are  much  more  expanded.  On  the  south  side  of  the  great  trough  the 
calcareous  bands  and  dark  shales  are  well  exhibited;  but  near  Oakhampton 
are,  as  above  stated,  mineralized  by  the  action  of  the  granite.  The  higher 
beds  of  this  deposit  are  well  exhibited  on  the  coast  west  of  Bideford,  and 
consist  of  innumerable  alternations  of  ferruginous  sandstone,  flagstone,  and 
shale,  containing,  in  several  places,  concretions  of  ironstone,  very  often 
exhibiting  impressions  of  plants;  and  one  extended  tract  of  country,  con- 
taining at  least  three  beds  of  culm  or  stone-coal,  associated  with  shales, 
contains  many  plants  of  species  not  known  in  the  true  coal-measures.  Though 
in  a  state  of  greater  induration  than  the  ordinary  coal-measures  of  England, 
and  in  most  parts  almost  destitute  of  any  trace  of  coal,  yet  even  in  these 
respects  it  differs  not  from  a  great  unproductive  tract  of  the  coalfield  of 
Pembrokeshire.  Therefore  from  the  order  of  super-position,  from  the  mineral 
structure,  from  the  absence  of  that  slaty  cleavage  which  characterizes  the 
older  rocks,  on  which  the  deposit  rests,  and  from  the  specific  character  of  its 
organic  remains,  they  classed  it  with  the  carboniferous  series. 

Of  all  the  commuBications  made  to  the  Association  at  this  Meeting, 
those  which  produced  the  greatest  interest,  and  which  are,  probably, 
among  the  most  important,  were  the  two  following. 

The  first  was  from  Mr.  Fox,  a  gentleman  long  knowm  in  connexion 
"With  Science,  and  largely  connected,  we  believe,  with  the  Mining  districts 
of  Cornwall. 

Mr.  Fox  mentioned  the  fact,  long  known  to  miners,  of  metalliferous 
veins  intersecting  different  rocks  containing  ore  in  some  of  these  rocks,  and 
being  nearly  barren  or  entirely  so  in  others.  This  circumstance  suggested 
the  idea  of  some  definite  cause  ;  and  his  experiments  on  the  electrical  mag- 
netic condition  of  metalliferous  veins,  and  also  on  the  electric  conditions  of 
various  ores  to  each  other,  seem  to  have  supplied  an  answer,  inasmuch  as  it 
was  thus  proved  that  electro-magnetism  was  in  a  state  of  great  activity  under 
the  earth's  surface,  and  that  it  was  independent  of  mere  local  action  between 
the  plates  of  copper  and  the  ore  with  which  they  were  in  contact,  by  the  occa- 
sional substitution  of  plates  of  zinc  for  those  of  copper,  producing  no  change  in 
the  direction  of  the  voltaic  currents.  He  also  referred  to  other  experiments, 
in  which  two  different  varieties  of  copper  ore,  with  water  taken  from  the  same 
mine,  as  the  only  exciting  fluid,  produced  considerable  voltaic  action.  The 
various  kinds  of  saline  matter  which  he  had  detected  in  water  taken  from 
different  mines,  and  also  taken  from  parts  of  the  same  mine,  seemed  to  indi- 
cate another  probable  source  of  electricity ;  for  can  it  now  be  doubted,  that 
rocks  impregnated  with  or  holding  in  their  minute  fissures  different  kinds  of 
mineral  waters,  must  be  in  different  electrical  conditions  or  relations  to  each 
other?  A  general  conclusion  is,  that  in  these  fissures  metalliferous  deposits 
will  be  determined  according  to  their  relative  electrical  conditions ;  and  that 
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the  direction  of  those  deposits  must  have  been  influenced  by  the  direction  of 
the  magnetic  meridian.  Thus  we  find  the  metallic  deposits  in  most  parts  of 
the  world  having  a  general  tendency  to  the  E.  and  W.  or  N.  E.  and  S.  W. 
Mr.  Fox  added  that  it  was  a  curious  fact,  that  on  submitting  the  muriate 
of  tin  in  solution  to  voltaic  action,  to  the  negative  pole  of  the  battery,  and 
another  to  the  positive,  a  portion  of  the  tin  was  determined  like  the  copper, 
the  former  in  a  metallic  state,  and  the  latter  in  that  of  an  oxide,  showing  a 
remarkable  analogy  to  the  relative  position  of  tin  and  copper  ore  with  respect 
to  each  other,  as  they  are  found  in  the  mineral  veins. 

The  second  was  from  a  gentleman  of  ancient  family  and  inde- 
pendent fortune  in  the  county  of  Somerset,  who,  although  uncoimected 
we  believe  with  any  public  society,  the  author  of  no  published  work,  or 
even  printed  paper,  and  unknown  in  what  is  Called  the  scientific  world, 
has  yet  for  many  years  been  the  cultivator  of  experimental  science,  with 
an  assiduity  of  which  few  instances  can  be  found,  perhaps,  in  the  list  of 
professional  philosophers,  and  with  that  unobtrusive  liberality,  which  is 
a  sure  pledge  of  the  sincerity  of  scientific  ardour  and  the  genuine  love 
of  knowledge.  Mr.  Ckoss  has  an  electric  apparatus,  which  is,  we  are 
informed,  one  of  the  most  splendid  ever  constructed ;  and  after  having 
for  many  years  particularly  devoted  himself  to  this  important  branch  of 
experimental  knowledge,  his  labours  have  at  length  been  crowned  with 
the  important  discovery  which  is  detailed  below. 

Mr.  Cross  stated  that  he  came  to  Bristol  to  be  a  listener  only,  and 
with  no  idea  he  should  be  called  upon  to  address  a  Section,  He  was  no 
geologist,  and  but  a  little  of  a  mineralogist ;  he  had,  however,  devoted  much 
of  his  time  to  electricity,  and  he  had  latterly  been  occupied  in  improvements 
in  the  voltaic  power,  by  which  he  had  succeeded  in  keeping  it  in  full  force  for 
twelve  months  by  water  alone,  rejecting  acids  entirely.  Mr.  C.  then  proceeded 
to  state  that  he  had  obtained  water  from  a  finely-crystallized  cave  at  Holway, 
and,  by  the  action  of  the  voltaic  battery,  had  succeeded  in  producing  from,that 
water,  in  the  course  of  ten  days,  numerous  rhomboidal  crystals,  resembling 
those  of  the  cave ;  in  order  to  ascertain  if  light  had  any  influence  in  the  pro- 
cess, he  tried  it  again  in  a  dark  cellar,  and  produced  similar  crystals  in  six 
days,  with  one-fourth  of  the  voltaic  power.  He  had  repeated  the  experiments 
a  hundred  times,  and  always  with  the  same  results.  He  was  fully  convinced 
that  it  was  possible  to  make  even  diamonds,  and  that  at  no  distant  period 
every  kind  of  mineral  would  be  formed  by  the  ingenuity  of  man.  By  a  varia- 
tion of  his  experiments  he  had  obtained  gray  and  blue  carbonate  of  copper, 
phosphate  of  soda,  and  twenty  or  thirty  other  specimens.  If  any  members  of 
the  Association  would  favour  him  with  a  visit  at  his  house,  they  would  be 
received  with  hospitality,  though  in  a  wild  and  savage  region  on  the  Quantock 
hills,  and  he  should  be  proud  to  repeat  his  experiments  in  their  presence. 
Mr.  C.  sat  down  amidst  long-continued  cheering. 

Professor  Sedgwick  said  he  had  discovered  in  Mr.  Cross  a  friend  who 
some  years  ago  kindly  conducted  him  over  the  Quantock  hills  on  the  way  to 
Taunton.  The  residence  of  that  gentleman  was  not,  as  he  had  described  it, 
in  a  wild  and  savage  region,  but  seated  amidst  the  sublime  and  beautiful  in 
nature.  At  that  time  he  was  engaged  in  carrying  on  the  most  gigantic  ex- 
periments, attaching  voltaic  lines  to  the  trees  of  the  forest,  and  conducting 
through  them  streams  of  lightning  as  large  as  the  mast  of  a  74  gun-ship,  and 
even  turning  them  through  his  house  with  the  dexterity  of  an  able  charioteer. 
Sincerely  did  he  congratulate  the  section  on  what  they  had  heard  and  wit- 
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nessed  that  morning.  The  operations  of  electrical  phenomena,  instances  of 
which  had  been  detailed  to  them,  proved  that  the  whole  world,  even  darkness 
itself,  was  steeped  in  everlasting  light, — the  first-born  of  heaven.  However 
Mr.  Cross  may  have  hitherto  concealed  himself,  from  this  time  forth  he  must 
stand  before  the  world  as  public  property. 

Professor  Phillips  said,  the  wonderful  discoveries  of  Mr.  Cross  and  Mr. 
Fox  would  open  a  field  of  science  in  which  ages  might  be  employed  in 
exploring  and  imitating  the  phenomena  of  nature. 

A  variety  of  interesting  communications  w^ere  made  to  the  Associa- 
tion by  Dr.  Lardner,  on  the  subject  of  Steam  Communication  -with  America 
and  with  India — both  subjects,  at  the  present  moment,  of  great  public 
interest,  and  the  former  especially,  at  Bristol,  where  a  company  has  been 
formed  for  the  express  purpose  of  navigating  steam  vessels  directly,  and 
by  a  single  voyage,  betAveen  that  port  and  New  York ;  and  who  are  at 
present  building  a  vessel  of  1200  tons  for  that  purpose.  This  subject  he 
introduced  in  the  Section  of  Mechanics,  in  a  speech  of  which  the  following 
correct  report  is  given  in  the  Times: — 

The  very  circumstance  of  the  present  and  pressing  interest  which  was  felt 
upon  this  subject  of  steam  communication  to  distant  parts  of  the  world — the 
fact  that  already  considerable  investment  of  capital  had  been  made  in  such 
speculations — these  were  circumstances  which  would  somewhat  embarrass 
them  in  arriving  at  a  safe  and  certain  conclusion,  because  it  would  be  obvious 
that  they  would,  more  or  less,  engender  in  the  minds  of  a  considerable  portion 
prejudices  which  would  be  liable  to  bias  their  judgment,  unless  they  used  a 
good  deal  of  self-control,  and  brought  with  it  the  exercise  of  their  own  judg- 
ment. He  would,  therefore,  beg  of  every  one,  and  more  especially  of  those 
who  had  a  direct  interest  in  the  inquiry,  to  dismiss  from  their  minds  all  pre- 
viously-formed judgments  about  it,  and  more  especially  upon  this  question  to 
be  guarded  against  the  conclusion  of  mere  theory ;  for  if  there  was  one  point 
in  practice,  of  a  commercial  nature,  which  more  than  another  required  to  be 
founded  on  experience,  it  was  this  one,  of  extending  steam  navigation  to  voy- 
ages of  extraordinary  length. 

Dr.  Lardner  said  he  was  aware  that  since  the  question  had  arisen  in  this 
city,  it  had  been  stated  that  his  own  opinion  was  adverse  to  it ;  that  impres- 
sion was  totally  wrong :  but  he  did  feel,  that  as  steps  had  been  taken  to  try 
this  expejiment,  great  caution  should  be  used  in  the  adoption  of  the  means  of 
carrying  it  into  eflTect.  Almost  all  depended  on  a  first  attempt,  for  a  failure 
would  much  retard  the  ultimate  consummation  of  their  wishes.  He  believed 
those  in  the  section  who  knew  him  would  readily  acquit  him  of  being  forward 
to  question  the  power  of  steam.  He  tendered  the  most  unqualified  allegiance 
to  the  sovereignty  of  steam,  but  he  tendered  the  allegiance  of  a  free  and 
thinking  subject  to  a  constitutional  monarch.  He  did  not  bow  before  the 
power  of  steam  as  an  abject  slave,  and  if  he  found  a  failure  in  the  administra- 
tion of  that  power,  he  attributed  it  entirely  to  the  ministers.  It  was  necessary 
they  should  devise  some  means  of  determining  the  locomotive  duty  of  coals. 
It  was  a  question  to  which  he  had  devoted  a  good  deal  of  time,  and  the  only 
method  he  had  been  able  to  devise  had  been  to  determine  the  consumption  of 
fuel  per  hour.  He  had  made  extensive  observations,  and  he  considered  you 
must  place  15  lb.  of  coal  per  hour  for  every  horse.  Mr.  Watt  some  time  since 
established  a  series  of  experiments  with  the  view  of  determining  the  relative 
consumption  of  fuel,  and  the  result  was  this — that  the  consumption  of  fuel 
under  the  marine-boilers  was  one-third  less  than  under  the  land-boilers. 
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A  committee  of  the  House  of  Commons,  some  time  since,  had  to  deter- 
mine the  expediency  of  opening  a  long  steam-communication  with  India, 
and  much  evidence  was  given.  In  one  case,  the  opinion  was  8  lb. ;  in  another, 
9  lb. ;  and  another,  1 1  lb.  They  would  take  nine  months.  And  then  came 
the  question  of  speed.  They  were  all  well  aware  that  there  had  been  for 
some  years  in  operation  a  line  of  steamers  by  Falmouth  and  Corfu ;  they 
touched  at  Gibraltar.  On  an  average  of  fifty-one  voyages,  the  rate  at  which 
they  made  their  trips  was  noted,  and  the  result  was  seven  miles  and  a  quarter 
per  hour.  They  had,  therefore,  the  conclusion,  that  the  locomotive  duty  of 
9  lb.  of  coals  was  seven  miles  and  a  quarter  of  distance.  If,  therefore,  91b. 
gave  seven  miles  and  a  quarter  in  distance,  one  ton  would  give  1,900  miles 
for  every  horse  power.  Then  they  must  look  for  average  weather ;  the  build 
of  the  vessel  was  such  that  they  had  not  space  to  try  more  than  1^  ton  of 
coals  for  every  horse  power.  Almost  all  the  vessels  with  which  the  ex- 
periments had  been  made  had  the  patent  paddle-wheels,  and  they  had  been 
worked  with  the  best  coals. 

The  next  question  was,  what  modification  the  vessel  must  undergo  when 
applied  to  steam-communication  with  the  United  States.  In  the  Atlantic 
there  were  westerly  winds  which  prevailed  almost  continually,  and  were  ex- 
tremely violent,  and  attended 'with  a  great  swell  of  the  sea;  but  it  was  an 
astronomical  phenomenon  which  was  very  well  understood.  The  outward 
voyage  of  the  great  packet-ships  was  generally  estimated  at  forty  days,  the 
homeward  voyage  at  twenty  days,  so  that  the  entire  voyage  occupied  sixty 
days.  If,  then,  they  assumed  that  the  average  of  outward  and  homeward 
voyage  to  the  United  States  corresponded  with  the  average  weather  between 
Falmouth  and  Corfu,  then  they  would  arrive  at  this_ conclusion, — that  the 
outward  voyage  was  worse  than  the  average  in  the  proportion  of  four  to  three. 
If  the  locomotive  duty  of  coals  provided  for  the  voyage  between  Falmouth 
and  Corfu  was  1900  miles  for  a  ton  per  horse  power,  they  must  deduct  from 
that  thirty-three  per  cent. :  in  order  to  get  what  the  duty  would  be  on  the 
outward  voyage  to  New  York,  you  must  take  a  third  from  1900,  and  you 
would  have  1300  miles.  By  the  direct  line  from  Bristol  to  New  York,  the 
distance  was  3500  miles;  if  you  allowed  one  ton  of  coals  for  every  1300  miles 
per  horse  power,  the  vessel  would  require  to  carry  two  tons  and  one-third  for 
every  horse  power  in  her  engine  :  therefore  this  vessel  must  carry  nearly  three 
times  the  whole  complement  the  Admiralty  steamers  could  carry.  Let  them 
take  a  vessel  of  1600  tons,  provided  with  400  horse  power  engines  ;  they  must 
take  two  and  a  third  tons  for  each  horse  power,  the  vessel  must  have  1348 
tons  of  coal,  and  to  that  add  400  tons,  and  the  vessel  must  carry  a  burden 
of  1 748  tons.  He  thought  it  would  be  a  waste  of  time,  to  say  much  more  to 
convince  them  of  the  inexpediency  of  attempting  a  direct  voyage  to  New 
York,  for  in  this  case  2080  miles  was  the  largest  run  a  steamer  could  en- 
counter ;  at  the  end  of  that  distance  she  would  require  a  relay  of  coals. 

The  question  then  became  a  geographical  one,  as  to  the  best  mode  of 
accomplishing  this.  There  were  two  ways  which  might  be  proposed ;  one  to 
make  the  Azores  an  intermediate  station,  and  to  proceed  from  thence  to 
New  York ;  the  other  would  be  to  proceed  to  some  point  in  Newfoundland, 
andj  make  that  an  intermediate  station.  The '  distance  from  Bristol  to  the 
Azores  was  1300  miles,  and  from  the  Azores  to  New  York  2400  miles,  being 
twenty  per  cent,  more  than  the  steam-limit  he  had  mentioned.  There  was  a 
point  called  Sydney,  in  Cape  Breton,  where  there  were  coal-mines  worked  to 
a  profit  by  Messrs.  Rundell  and  Bridge,  but  then  that  was  2300  miles;  but  if 
we  took  our  final  departure  from  some  place  upon  the  western  coast  of  Ire- 
land, and  there  charged  the  vessel  with  coals,  the  distance  to  Sydney  would 
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be  only  1900  miles.  TI19  railroad  system  might  be  established  in  Ireland, 
which  would  be  a  benefit  in  more  ways  than  one.  London  and  all  the  south- 
ern section  of  the  country  would  pour  in  their  produce  and  population  by  the 
railway  to  Bristol.  Dr.  Lardner  concluded,  by  counselling  those  who  pro- 
posed to  invest  capital  in  this  most  interesting  enterprise,  to  keep  in  mind 
certain  points  to  which  he  would  direct  their  attention.  1st.  He  would  ad- 
vise that  the  measured  tonnage  should  correspond  with  the  tonnage  by  dis- 
placement. 2d.  To  go  to  an  increased  expense  in  using  the  best  coals.  3d. 
He  would  earnestly  impress  upon  them  the  expediency  of  adopting  the 
paddle-wheels  shown  in  the  section  yesterday.  4th.  He  advised  the  pro- 
portion of  one  to  four  on  the  proper  tonnage.  5th.  He  would  impress  upon 
them  the  expediency  of  giving  more  attention  in  the  selection  of  engineers 
and  stokers;  it  was  a  matter  of  the  last  importance,  and  a  saving  of  thirty  to 
forty  per  cent.  With  respect  to  the  boilers,  he  would  recommend  copper 
ones,  and,  he  advised  that  the  coal-boxes  should  be  tanked. 

A  second  communication  of  great  interest  as  it  regards  this  subject 
was  made  by  Dr  Lardner,  to  the  Section  of  Statistics,  from  which  it 
appeared,  that  the  intercommunication  betAveen  places  which  hare  up  to 
this  time  been  connected  by  railroads,  has,  in  every  case  which  has  been 
investigated,  been  increased  in  the  proportion  of  four  to  one.  Three  cases, 
in  which  the  data  hare  been  supplied,  gave  all  of  them  this  result.  Be- 
fore the  completion  of  the  railroad,  twenty-six  coaches  plied  between 
Manchester  and  Liverpool,  and  carried,  on  an  average,  400  passengers 
daily ;  the  railway  has  been  in  operation  since  1828,  and  the  average 
number  of  passengers  carried  every  day  by  it,  has  been  more  than  1500. 
A  second  case  was  that  of  the  railroad  between  Newcastle  and  Hexham; 
before  its  completion,  the  returns  gave  a  communication  of  1 700  persons 
passing  between  these  by  coaches ;  the  first  ten  months  of  the  railroad 
gave  7060,  being  as  before,  in  the  ratio  of  four  to  one.  The  third  case 
is  that  of  the  railroad  from  Dublin  to  Kingstown,  which  carries  now  an 
average  of  3200  persons  daily;  whereas,  ]>efore  its  e^ablishment,  there 
were  carried  between  the  two  places  an  average  of  only  800  persons  daily. 

In  the  Medical  Section,  an  interesting  paper  was  read  by  Dr. 
Prichard,  on  Diseases  of  the  Brain,  detailing  his  new  method  of  treating 
such  disorders. 

I  am  not  disposed,  said  he,  to  believe  that  any  material  improvement  can 
be  made  in  the  ordinary  rules  for  the  use  of  evacuants  or  measures  of  deple- 
tion, but  I  have  no  doubt  that  an  important  advantage  may  be  gained  by 
directing,  in  a  particular  manner,  the  mode  of  counter-irritation,  and  it  is 
chiefly  with  the  view  of  recommending  this  attempt  that  I  have  premised  the 
foregoing  remarks.  Long  experience  has  convinced  me  that  the  most  effica- 
cious way  of  applying  counter-irritation  in  diseases  of  the  brain,  is  a  method 
not  often  practised  in  other  places,  which  has  been  for  many  years  in  almost 
constant  use  at  the  Bristol  Infirmary.  An  objection  would  probably  arise  in 
the  minds  of  those  who  have  not  witnessed  the  application  of  this  remedy,  on 
account  of  its  apparent  severity.  I  hope  to  convince  the  medical  section,  and, 
through  this  opportunity,  to  make  more  general  than  would  otherwise  be  done, 
the  persuasion  that  the  method  of  treatment  to  which  I  refer  is  by  no  means 
so  painful  or  severe  a  remedy  as  it  might  be  supposed  to  be,  and  that  it  greatly 
exceeds  in  efficacy  all  other  means  by  which  physicians  have  attempted  to 
relieve  diseases  of  the  brain  on  a  similar  principle.     The  application  I  recom- 
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...„i.^  13  an  issue  produced  either  by  means  of  a  soft  caustic,  or,  what  is  much 
better,  by  an  incision  over  the  scalp.  The  incision  is  most  frequently  made 
in  the  direction  of  the  sagittal  suture,  from  the  summit  of  the  forehead  to  the 
occiput.  The  scalp  is  divided  down  to  the  pericranium.  The  incision,  when 
that  method  is  used,  or  the  aperture  left  by  the  slough,  when  caustic  is  em- 
ployed, is  kept  open  by  the  insertion  of  one  or  two,  or,  in  some  instances,  three 
rows  of  peas.  The  discharge  thus  occasioned  is  considerable,  and  it  obviously 
takes  place  from  vessels  which  communicate  very  freely  with  the  vessels  of 
the  encephalon.  It  would  appear,  d  priori,  very  probable  that  an  issue  in  this 
particular  region,  just  over  the  sagittal  suture,  would  have  a  greater  effect  on 
the  state  of  the  brain,  than  in  any  other  situation,  and  the  result  of  very 
numerous  trials  has  abundantly  established  the  fact.  I  can  venture  to  assert, 
that  in  all  those  cases  of  a  cerebral  disease  in  which  counter-irritation  is  at  all 
an  available  remedy,  an  issue  of  the  kind- now  described  is,  next  to  bleeding, 
by  far  the  most  important  of  all  the  means  which  have  yet  been,  or  are  likely 
to  be  discovered.  The  kinds  of  cerebral  disease  in  which  counter-irritation  is 
beneficial,  include,  according  to  ray  experience,  all  those  complaints  which  are 
accompanied  by  usual  stupor  or  diminished  sensibility,  excluding  all  affections 
attended  by  over-exciteraent,  such  as  maniacal  and  hysterical  diseases.  In 
the  latter,  I  believe  such  measures  to  be,  for  the  most  part,  injurious. 

A  case  has  lately  occurred  in  ray  practice  at  the  Bristol  Infirmary,  which 
strongly  exemplifies  the  efficacy  of  the  treatment  which  I  have  recoraraended, 
and  which  I  have  fortunately  an  opportunity  of  bringing  before  the  Medical 
section  in  the  raost  convincing  way.  A  youth,  aged  about  eighteen,  came  into 
the  Infirmary,  labouring  under  complete  amaurosis,  which  had  been  coming 
on  gradually  for  a  week  or  ten  days  before  his  admission.  At  that  time  it  had 
becorae  so  complete  that  vision  was  entirely  lost,  and  the  pupils  were  totally 
insensible  to  light,  even  when  the  rays  of  the  sun  were  suffered  to  fall  imme- 
diately into  the  open  eyes.  At  first  he  was  freely  and  repeatedly  bled  from 
the  arm  and  temporal  artery,  had  leeches  applied  to  the  scalp,  blisters  to  the 
nape  of  the  neck,  and  took  calomel  so  as  to  render  his  gums  sore.  Finding 
that  no  effect  whatever  was  produced  hy  these  measures,  I  gave  up  the  ex- 
pectation which  I  had  at  first  entertained  of  his  Recovering  sight,  but  was 
resolved  to  give  the  remedies  a  complete  trial.  I  ordered  him  to  he  bled  ad 
deliquium:  this  took  place  after  a  small  quantity  of  blood  had  flowed  from  his 
arra  while  he  was  in  an  erect  posture.  After  a  few  days  he  was  still  perfectly 
dark ;  an  incision  was  now  raade  over  the  sagittal  suture,  frora  the  forehead 
to  the  occiput :  it  was  filled  with  peas ;  in  three  or  four  days,  precisely  at  the 
time  wheii  suppuration  began  to  take  place,  the  patient  declared  that  he  per- 
ceived light,  but  was  scarcely  believed,  since  the  pupils  were  still  widely  dila- 
ted, and  quite  insensible  to  a  strong  light.  In  the  course  of  a  few  days  it  wa? 
quite  evident  that  he  saw :  he  could  tell  when  two  or  three  fingers  were  held  up. 
For  some  weeks  the  iris  was  still  quite  inirritable,  though  vision  had  become 
in  a  great  degree  restored.  The  subsequent  treatment  of  the  case  consisted 
chiefly  in  occasional  leechings,  purging,  and  low  diet.  When  the  issue  healed, 
which  was  not  till  it  had  been  kept  open  for  some  raonths,  a  seton  in  the 
neck  was  substituted :  under  this  treatment  the  case  has  terminated  in  a  com- 
plete recovery  of  the  blessing  of  sight. 

The  following  were  among  the  subjects  discussed  in  the  Section  D 
of  Zoology  and  Botany: — 

Dr.  Richardson  read  the  introductory  portion  of  his  report  on  North 
American  Zoology,  comprising  reraarks  on  the  physical  geography  and  cli- 
mate of  the  countiy.     He  noticed  three  distinct  mountain-chains,  the  prin- 
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cipal  one  extending  under  the  name  of  the  Rocky  Mountains,  fioin  the  ele- 
vated plains  of  Mexico  to  the  Arctic  sea,  rising  within  limits  of  perpetual 
snow  and  aflfording  on  its  declivities  inclined  zones  of  equal  temperature, 
running  nearly  north  and  south.  He  next  mentioned  the  comparatively  low 
range  of  the  AUeghanas  running  near  the  Atlantic  coast,  and  the  more 
broken  maritime  Alps  of  California  and  New  Caledonia,  from  which  several 
lofty  peaks  arise.  It  was  remarked  that  in  these  maritime  Alps  alone,  of 
three  ranges,  recent  or  active  volcanoes  exist,  which  it  was  suggested  might 
be  one  of  the  causes  of  the  higher  temperature  of  that  coast.  The  great 
valley  lying  eastward  of  the  Rocky  Mountains,  and  extending  from  the  Gulf 
of  Mexico  to  the  Arctic  sea,  and  watered  by  the  Mississippi,  Missouri,  Sas- 
katchawan,  and  Mackenzie,  was  also  noticed  as  exerting  a  manifest  influence 
on' the  migrations  of  herbivorous  quadrupeds,  some  tribes  of  birds  and  ansi- 
dromous  fish.  In  the  remarks  on  climate,  the  various  ways  in  which  the  con- 
figuration of  the  land  may  contribute  to  influence  the  temperature  of  the 
atmosphere,  were  glanced  at, 

A  paper  by  Dr.  John  Hancock,  containing  remarks  on  the  Cow- 
fish,  River  Cow,  ( Manatus  jluvialis.) 

The  animal  was  only  now  found  in  the  lakes  far  away  from  the  European 
settlements,  and  the  name  chosen  for  it  was  very  inappropriate.  Some 
authors  asserted  that  the  animal  frequently  weighed  8000  lbs.,  and  measured 
twenty-eight  feet  in  length,  but  he  (Dr.  Hancock)  having  seen  many,  and 
examined  them,  thought  they  very  seldom  exceeded  600 lbs.  in  weight,  and 
6  feet  in  length.  The  flesh  of  the  animal  is  very  good,  very  much  resembling 
veal,  very  easy  of  digestion,  and  the  soup  made  from  it  was  delicious,  and  equal 
to  turtle,  though  not  so  gelatinous;  the  flesh  would  also  keep  wholesome 
without  salt  for  many  months.  The  bones  were  highly  esteemed  by  the 
natives,  and  when  taken  in  a  powder  were  very  beneficial  in  complaints  of  the 
kidneys.  It  was  also  believed  to  bellow  like  a  bull,  and  to  fight  desperately 
on  some  occasions.  It  moved  through  the  water  with  gi'eat  rapidity,  not, 
however,  by  moving  the  tail  laterally,  as  other  fish,  but  horizontally,  up  and 
down.  It  had  been  asserted  that  this  animal  could  not  live  on  shore,  but  this 
he  doubted,  as  it  was  unable  to  breathe  like  a  fish,  the  respirative  organs 
being  nearly  the  same  as  those  of  terrestrial  animals,  and  it  was,  therefore, 
obliged  to  come  to  the  surface  to  respire,  and  always  slept  with  its  nose  above 
water,  under  some  shielding  bank.  Indeed,  nature  seemed  to  have  placed  it 
in  an  element  which  it  was  not  fitted  to ;  it  was  unable  both  to  breathe  and 
procure  food  under  water,  and  it  was  thought  that  had  it  legs  to  walk  on  shore 
it  would  abide  there.  It  was  also  suggested,  that  it  would  be  desirable  to 
find  pasturage  for  these  animals  connected  with  small  pools  of  water,  and  thus 
droves  of  the  sea  cow  might  be  found ;  and  a  case  was  instanced  of  a  sea  cow 
being  kept  in  a  small  lake  in  one  of  the  West  Indian  Islands  for  26  years, 
which  became  so  tame  as  to  be  pleased  with  the  human  voice,  to  come  when 
called,  and  to  swim  across  the  lake  with  children  on  its  back,  without  plunging 
beneath  the  surface  of  the  water.  The  upper  part  of  the  body  approximated 
to  the  human  form,  and  the  posterior  to  the  fish,  and  when  it  rose  out  of  the 
water  to  gather  food  from  the  banks,  it  had  much  the  appearance  of  what  is 
called  the  mermaid,  and  from  it,  probably,  the  fables  of  mermaids  and  the 
tritons  originated;  particularly  as  the  Indians  usually  had  painted  on  the 
sterns  of  their  canoes  a  figure  similar  to  that  which  the  cow  fish  presented 
when  in  the  position  described,  which  they  styled  "  the  man  of  the  waters." 

Professor  Royle  stated  that  in  visiting  the  manufactory  of  the  elastic 
web  from  Caoutchouc,  or  India-rubber,  which  is  now  applied  to  a  variety  of 
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purposes,  he  was  informed  there  was  a  difficulty  in  obtaining  from  South  Ame- 
rica a  sufficient  quantity  of  Caoutchouc  or  India-rubber  for  the  purposes  of 
the  manufacture,  and  was  therefore  led  to  point  out  the  variety  of  plants  and 
countries  from  which  the  same  substances  might  be  obtained.  A  communica- 
tion was  first  read  from  Mr.  Sevier,  the  sculptor,  who  has  made  the  principal 
discoveries  in  the  properties  of  Caoutchouc  and  the  commerce  of  Caoutchouc, 
by  which  it  appeared  that,  since  the  removal  of  the  duty,  the  importation  of 
it  had  increased  from  10  to  500  tons  annually,  and  is  soon  expected  to  be  2000 
or  .3000  tons  a-year,  from  its  various  uses  as  articles  of  dress,  and  ligatures  of 
every  kind,  as  well  as  for  elastic  ropes  for  the  breaching  of  guns,  and  bands 
for  driving  machinery. 

The  earliest  accounts,  by  Condamine,  Aublet,  and  Priestley,  were  alluded 
to,  and  the  South  American  tree,  yielding  Caoutchouc,  was  mentioned  under 
the  name  Siphonia  elastica,  that  of  Penang  as  Uruch  elastica,  and  the  Indian 
a.^  Ficus  e/a*/2ca, while  other  plants  yield  it  in  Madagascar,  Mauritius,  Singa- 
pore, and  China.  The  natural  families  of  plants  to  which  all  those  yielding 
Caoutchouc  belong,  were  stated  to  be  Cichorana,  Lobeliaca,  Apopgnea, 
Asclepmdea,  Etq)horbiacea,  and  ?7r/?'eea,  among  which  are  included  A?-ctocwpea, 
all  of  which  have  milky  juice,  and  are  in  considerable  quantities  in  tro]>ical 
countries;  there  could  be  but  little  doubt  that  many  other  plant*  of  these 
families  might  be  found  to  contain  this  useful  substance  as  well  as  those  which 
are  already  known  to  do  so. 

Besides  these  general  results,  it  was  observed,  that  many  of  the  plants  of 
this  family  were  remarkable  for  the  tenacity  of  their  fibre,  which  fitted  them 
for  the  purposes  of  rope-making,  and  that  it  was  singular,  that  in  the  attempts 
to  find  substitutes  for  the  mulberry-leaf  in  feeding  the  silk-worm,  so  many  of 
the  plants  which  they  prefer,  next  to  the  mulberry-leaf,  should  belong  to  fami- 
lies which  yield  caoutchouc — as  the  lettuce-leaf,  of  the  family  of  Achnacea,  in 
England ;  the  leaf  of  Picas  religiosa,  the  Arctocarpea,  and  the  Castor-Oil 
Plant  o(  the  Euphorbiacea,  in  India.  Considering  that  these  facts  were  not 
likely  to  be  accidental,  the  author  was  led  to  infer  that  something  of  the  same 
kind  must  be  contained  in  the  juice  of  the  mulberry,  especially  as  it  also  be- 
longed to  the  family  of  Arctocarpea,  and  having  requested  Mr.  Sevier  to  make 
the  experiment,  the  author  was  informed  that  he  was  perfectly  correct  in  his 
indication,  as  the  mulberry-juice  also  contained  caoutchouc,  whence  it  was  in- 
ferred that  the  silk-worm  requires  some  portion  of  this  tenacious  substance 
in  its  food  to  enable  it  to  spin  its  silk,  and  the  fact  was  communicated  as  pro- 
»ably  of  some  practical  value,  as  well  as  of  scientific  interest. 

Mr.  Hope  subsequently  remarked,  that  the  dandelion,  which  had  been 
previously  noticed  as  yielding  caoutchouc,  was  one  of  those  einployed  as  a 
substitute  for  feeding  the  silk-worm — a  striking  instance  of  the  utility  of  men 
of  different  pursuits  meeting  and  discussing  subjects  of  this  nature  altogether. 

To  the  Section  F  of  Statistics,  a  very  interesting  communication 
was  made  by  Baron  Dupin,  on  the  Influence  of  the  Prices  of  Corn  on 
Population.  The  baron  prefaced  his  observations  by  stating,  that  it  w^as 
formerly  held  to  be  indisputable  that  times  of  great  plenty  were  favour- 
able, and,  on  the  contrary,  that  times  of  great  scarcity  were  adverse  to 
vitality.  He  had  prepared  returns  in  France,  from  the  8G  departments — 
and  in  France  the  returns  were  officially  and  accurately  taken — and  also 
returns  of  baptisms,  burials,  and  marriages,  and  he  found  that,  in  the 
15  years  preceding  the  cholera,  there  were  more  marriages  and  births, 
and  fewer  deaths  in  the  period  when  corn  was  at  a  medium  price. 

Vol.  II.  M  8 
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In  answer  to  questions   put  to  liira  })y  different  members  of  the 
Section,  the  Baron  stated  that, — 

The  difference  in  France  between  the  lowest  price  and  the  medium  price 
was  as  thirty-four  to  forty,  and  though  that  variation  made  but  Uttle  difference 
to  the  consumer,  it  was  not  so  to  the  grower,  who  had  to  estimate  it  on  large 
rjuaniiiies.  In  France  the  land  was  more  divided  than  in  England,  the  num- 
her  of  growers  being  no  less  than  five  millions ;  the  ordinary  tenure  was  one 
half  of  the  produce,  the  leases  heing  on  three,  six,  and  nine  years  ;  and  hence 
it  followed  that,  in  times  of  scarcity,  the  proprietor  bore  one  half  of  the  suffer- 
ing, as,  when  the  prices  fell,  the  contract  still  continued.  He  did  not  mean 
to  contend  for  the  position,  that,  abstractedly,  a  season  of  plenty  was  inimical 
to  population,  bvit  the  results  he  had  given  made  it  obvious  that  low  prices 
were  not,  in  themselves,  the  constituents  of  prosperity.  The  solution  might 
be  that,  a  sudden  fall  in  prices,  though  regarded  as  advantageous  to  the  mass 
of  the  population,  might  entail  great  suffering  and  distress  on  those  engaged 
in  agriculture,  and  that  would  account  for  the  results  he  had  given.  Another 
fact,  too,  must  be  kept  in  view,  that  labour  always  bore  a  proportion  in  value 
to  the  price  of  commodities.  At  the  close  of  the  discussion  the  thanks  of  the 
meeting  were  unanimoiisly  voted  to  Baron  Dnpin  for  his  interesting  com- 
munication. 

Colonel  Sykes  read  a  paper  entitled,  "  On  the  utility  of  co-operating 
Committees  of  Trade  and  Agriculture,  in  the  commercial  and  manufac- 
turing towns  of  Great  Britain;  as  projected  by  the  Right  Hon.  Holt 
Mackenzie,  and  Mr.  Forbes  Royle,  and  advocated  by  the  Right  Hon. 
Sir  Alexander  Johnstone,  and  Sir  Charles  Forbes,  Bart.,  for  investigating 
more  extensively  the  natural  and  artificial  products  of  India." 

The  object  of  this  paper  was  to  incite  the  formation  of  committees  in  the 
manufacturing  and  commercial  towns  of  Great  Britain,  cither  in  co-operating 
with  the  Royal  Asiatic  Society,  or  independently,  for  the  following  objects : 
1st.  To  ascertain  what  articles,  the  produce  of  India,  now  imported  into 
England,  are  of  inferior  quality  to  those  produced  in  other  countries ;  to 
investigate  the  causes  of  their  inferiority,  and  to  explain  and  suggest  the 
means  of  removing  them.  2nd.,  To  ascertain  what  articles,  now  in  demand 
in  England,  or  likely  to  be  used,  if  furnished,  but  not  yet  generally  forming 
part  of  our  commerce  with  India,  could  be  profitably  provided  in  that  country, 
or  their  place  advantageously  supplied  by  other  things  belonging  to  it;  to 
take  measures  for  making  known  in  India  the  wants  of  England ;  and  in 
England,  the  capabilities  of  India;  and  to  suggest  and  facilitate  such  experi- 
ments as  may  be  necessary  to  determine  the  practicability  of  rendering  the 
resources  of  one  country  subservient  to  the  exigences  of  the  other.  3rd., 
To  ascertain  what  useful  articles  are  produced  in  countries  possessing  climates 
resembling  those  of  the  different  parts  of  India,  which  are  not  known  to  this 
country,  and,  vice  versa  to  consider  the  means  of  transplanting  the  produc- 
tions and  transferring  the  processes  of  one  country  to  another,  and  to  encou- 
rage and  facilitate  all  useful  interchanges  of  that  nature.  4th.,  With  the 
above  views,  and  for  the  sake  of  general  knowledge  and  improvement,  to 
consider  how  the  statistics  of  Indian  agriculture  and  arts,  including  climate, 
meteorology,  geology,  botany,  and  zoology,  may  be  most  conveniently 
and  economically  ascertained  and  recorded ;  and  to  encourage  and  facilitate 
all  inquiries  directed  to  these  objects.  Numerous  illustrations  of  those  views 
were  quoted,  particularly  from  Mr.  Royle. 

It  was  stated  that,  so  recently  as  1 784,  an  American  vessel    arrived  at 
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Liverpool  with  eight  bags  of  cotton,  which  were  seized,  under  the  belief 
that  America  did  not  produce  cotton ;  and  now  her  produce  is  400  millions  of 
lbs.  annually,  the  greater  part  of  which  is  consumed  by  Great  Britain ;  and 
it  is  a  curious  fact,  that  the  native  country  of  the  sea-island  cotton  was  sup- 
posed to  be  Persia.  The  Carolina  rice,  which  sells  at  5d.  per  lb.,  whilst  East 
India  rice  sells  at  2^d.  and  3c?.,  originated  in  a  single  bag  of  East  India, 
given  by  Mr.  C.  Dabors,  of  the  India  House,  to  an  American  trader.  All 
the  coffee  of  the  West  Indies  originated  in  a  single  plant  in  the  hot-houses  of 
Amsterdam.  It  was  stated  that,  in  1792,  Mr.  Browne,  the  resident  at  Cossim- 
bazar,  told  the  Council  at  Calcutta,  that  if  he  should  think  proper  to  send  a 
few  cwts.  of  lac  to  Europe,  it  might  be  procured  at  Calcutta.  The  annual 
consumption  of  lac  in  England  is  now  estimated  at  600,000lbs.  A  variety  of 
other  instances  of  a  similar  description,  and  of  comparatively  recent  date, 
were  adduced,  to  illustrate  the  importance  of  the  subject  now  submitted  to 
the  consideration  of  the  Section. 

A  very  interesting  paper  was  also  read  by  Mr.  Fripp,  of  Bristol,  to 
this  Section,  on  the  statistics  of  the  popular  education  in  that  city. 

The  population  of  Bristol  and  its  suburbs  (now  incorporated  in  the  new 
borough)  according  to  the  census  of  1831,  was  104,378,  which  number,  at  the 
usual  rate  of  increase,  1^  per  cent,  per  annum,  must  have  become  about 
112,438  at  the  present  time.  The  number  of  children  attending  schools, 
according  to  the  returns  obtained,  is  14,717,  of  whom — 

Attend  Day  School  only 3609 

„      Sunday  and  Day  or  National  School  .         .     1645 
„      Sunday  Schools  only      ,        .         .         .         9463 

14717 

The  total  number  of  schools,  of  which  returns  have  been  obtained,  is 
128,  of  which— 

Boys.       Girla.  Total. 

There  are,  Day  Schools 54  with  2209  ...  1921   ...  4130 

„         Infant  Schools   9    ...      609  ...     275  ...  1124 

„         Sunday  Schools 68    ...    5234  ...  5874  ...  11108 

128  8052        8170         16362 

Deducting  1645  from  the  above  total,  viz.,  1526  in  the  day-schools,  and 
1 19  in  the  infant-schools,  who  attend  also  in  the  Sunday-schools,  there  remain 
14,717,  as  before  given,  and  the  following  are  their  ages: — 

Under  Five  Years    1290 

Between  Five  and  fifteen  12630 

Above  Fifteen   465 

Not  specified 332 

'14717 
The  proportion  of  the  population  between  5  and  15  being  24  per  cent  or  26  "985 
The  number  of  scholars,  as  returned  between  5 

and  15  is  only 11'23        .         or  12-6.30 


1277  or  14-355 

Out  of  the  128  Schools- 
Reading  is  taught  in 128 

Writing     46 

Arithmetic 39 


Drawing  is  taught  in     0 

Mathematics 2 

Religion 126 

Morals    119 


Geography  and  History    15 

The   following  table  gives  the   number  in  connexion  with  the  various 
sects  of  religion  : —  ^^ 

M  2 
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Schools.      Scholars.    Teacliers, 

Established  Church 49     ...     5C80     ...     214 

Wesleyan  Methodists  23     ...     3899     ...     62G 

Moravian,  Independent,  and  other  Dissenters  .. .  39     ...     5171       ■.     591 
No  connexion  with  any  particular  denomination     17      ••     1612     ...       74 

128  16362  1505 

Deduct  duplicates : 

Established  Church  1305— Methodists     60 

Baptists 145 — No  denomination  135 1645 

14717 

The  only  important  omission  in  the  mass  of  facts  thus  collected,  was 
with  respect  to  the  Roman  Catholic  Schools,  no  detailed  returns  of  which, 
Mr.  F.  said,  had  reached  him  from  the  resident  clerjiymaii,  though  they  had 
been  twice  applied  for;  he  had,  however,  that  morning  obtained  the  total 
number  of  scholars  attending  those  schools,  which  was  215 — 123  boys,  92 
girls;  being  an  increase  of  58  boys  and  33  girls  since  1821.  The  returns  of 
the  children  attending  schools  in  connexion  with  the  Wesleyan  Methodists, 
included  six  Sunday  schools  (with  1260  scholars)  which  are  not  locally  within 
the  borough,  but,  being  attended  by  many  children  resident  in  the  outskirts 
of  the  city,  and  both  supported  and  governed  by  a  committee  within  the 
borough,  they  might  with  propriety  be  comprised  in  the  borough-returns, 
whilst,  on  the  other  hand,  it  was  probable  that  some  charity-schools  of  minor 
consequence  had  not  been  returned.  The  returns  were  confined  to  public 
schools,  whether  day,  infant,  or  Sunday,  no  account  having  been  obtained  of 
the  different  classes  of  private  schools. 

The  only  communication  of  interest  and  importance  which  remains 
to  be  noticed,  or  rather  v^^hich  at  this  late  period  we  have  time  to  notice, 
is  one  made  to  one  of  the  evening-meetings,  when  Sir  William  Hamilton 
read  a  letter  recently  received  from  Sir  John  Herschel,  at  the  Cape  of 
Good  Hope,  giving  an  account  of  the  progress  of  his  observations  on 
the  nebulae  of  that  part  of  the  southern  hemisphere,  a  description  of 
several  of  which  he  had  forwarded  to  Professor  Schumacher,  for  insertion 
in  his  Astronomical  Ephemeris. 

As  an  instance  of  the  clearness  of  the  sky,  it  was  stated  by  an  observer 
that  in  forty-two  successive  days  there  were  only  three  in  which  he  could  not 
see  Venus  in  broad  day-light;  and  Sir  John  Herschel  stated  that  he  had  also 
written  a  letter  by  the  light  of  an  eclipse  of  the  moon.  Under  these  circum- 
stances, the  starry  heavens  presented  a  brilliance  of  which  the  inhabitants  of 
the  northern  hemisphere  can  have  no  conception ;  the  line  from  Orion  to 
Antinous  being  remarkably  rich  and  brilliant,  appearing  as  a  continuous 
blaze  of  light,  with,  however,  a  few  patches  of  the  sky  destitute  of  stars.  The 
Magellanic  clouds  were  described  as  curious  objects,  diflfering  from  other 
nebulee  apparently  in  the  greater  degree  of  condensation  of  the  stars  of  which 
they  were  composed.  He  had  also  observed  several  planetary  nebulte,  the 
appearance  of  some  of  which  gave  him  at  first  the  idea  that  they  were  real 
planetary  bodies ;  and  it  was  not  until  after  he  had  observed  one  several 
times  that  he  could  divest  himself  of  the  idea  that  he  had  discovered  a  new 
planet  more  inclined  than  that  of  Pallas. 

We  must  here  break  oflF,  Although  the  account  wdth  which  we  have 
been  enabled  to  furnish  our  readers  will,  we  believe,  be  found  clear  and 
correct,  as  far  as  it  goes,  we  acknowledge,  with  regret,  that  it  has  not 
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been  in  our  power  to  do  full  justice  to  the  many  excellent  communi- 
cations -which  were  made  on  this  occasion.  Indeed,  the  interval  between 
the  close  of  the  meeting  and  the  period  at  which  our  Magazine  must 
necessarily  be  in  the  press,  is  so  very  short,  that  we  have,  in  several 
instances,  been  under  the  necessity  of  availing  ourselves  of  some  of  the 
very  able  reports  published  in  the  Bristol  and  London  papers,  to  complete 
our  own  notes  of  the  proceedings. 

Having,  in  the  commencement  of  this  Report,  alluded  to  an  acci- 
dental and  very  unimportant  deviation  from  the  programme  of  the 
meeting,  in  respect  to  that  most  useful  auxiliary  to  the  Association,  the 
Inquiry-room,  which,  although  announced  as  a  place  of  reference  on 
Saturday,  on  which  day  great  numbers  of  persons  arrived,  was  in  reality 
a  place  where  no  information  could  be  got  until  Monday  ;  having,  more- 
over, alluded  to  what  we  must  be  allowed  to  call  the  rapacity  of  the 
innkeepers,  in  advancing  the  price  of  their  accommodations,  a  rapacity 
which  has,  as  far  as  we  know,  no  precedent,  in  respect  to  the  meetings  of 
this  Association,  it  remains  for  us  to  bear  testimony,  as  we  do  with 
great  sincerity,  to  the  cordial  hospitality  with  which  a  large  portion  of 
the  Members  of  the  Association  (those  most  eminent  in  science)  were 
received  and  entertained  in  the  private  dwellings  of  the  inhabitants ;  and 
to  the  mnnificient  liberality  which  characterized  the  public  reception  of 
the  Association.  All  the  places  of  public  resort,  which  could  possess  an 
interest  Avith  its  members,  were  thrown  open  to  them ;  and  they  were 
invited  to  visit  all  private  collections  of  paintings,  museums,  manu- 
factories, ancient  buildings,  &c.  A  steam -packet  was  provided  to 
convey  a  geological  party,  on  Friday,  along  the  coast  of  Wales,  round 
the  Holms,  up  the  coast  of  Somerset,  and  back  to  Bristol ;  and  boats  and 
a  dejeune  were  supplied  for  those  who  preferred  to  be  rowed  up  the 
Avon,  to  the  interesting  excavations  which  are  making  to  bring  the 
Western  Railway  to  Bristol.  Refreshments  were  supplied  in  abundance 
for  all  who  applied  for  them  at  the  Theatre  and  at  the  Promenade ;  and, 
in  short,  everything  was  done  on  a  scale  worthy  of  the  great  and  ancient 
British  commercial  city,  which  on  this  occasion  entertained  the  British 
Association  of  Science  *. 

The  Association  terminated  this,  its  sixth,  assembly  at  midnight  of 
Saturday  the  27th  of  August,  having  sat  the  whole  of  the  week.  The 
number  of  members  present  exceeded  that  of  any  previous  meeting,  and 
amounted  to  about  1350.  About  2000/.  was  voted  for  the  prosecution 
of  various  inquiries,  experiments,  &c. 

The  seventh  meeting  is  announced  to  be  held  in  Liverpool,  in  the 
month  of  September,  1 837-  The  day  of  meeting  is  yet  undecided.  The 
Presidents  elected  are,  the  Earl  of  Burlington,  Dr.  Dalton,  Sir  Philip 
Egerton,  and  the  Rev.  E.  Stanley.  Manchester,  Newcastle-on-Tyne, 
Leeds,  and  Worcester,  were  competitors  for  the  honour  of  receiving  the 
Association. 
•  The  sum  of  800/.  was,  we  believe,  raised  for  this  purpose,  by  local  subscriptions. 
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Patent-Law  Improvement-Bill. 

Mr.  MACKINNON  has  failed  in  getting 
this  Bill  even  a  second  reading,  and  the 
Parliament  has  been  prorogued.  This 
"  grievance'  of  the  poor  inventor  must 
therefore  still  be  borne.  Mr.  M.  has 
given  notice  that  he  will  make  another 
attempt  in  the  next  session. 

During  the  late  meeting  of  the  British 
Association  at  Bristol,  Sir  David  Brew- 
ster, Mr.  Babbage,  and  a  few  other 
members,  feeling  deeply  the  oppressive 
effects  of  the  present  law  both  on  the 
inventive  genius  and  the  productive 
energy  of  the  country,  met  several 
times,  and  passed  resolutions  expressive 
of  the  desirability  of  an  early  and  an 
effectual  removal  of  the  evil.  One  of 
the  parties  stated  that  "he  had  been 
from  his  professional  position,  for  many 
years  a  depositary  of  inventions,  &c., 
which  could  not  be  patented  under 
the  present  exorbitantly-high  Patent- 
fees  and  stamps,  but  which  would, 
whenever  they  were  promulgated,  put 
at  least  ten  thousand  hands  to  work  on 
new  engines,  products,  &c." 

Practical  Suggestions  for  a  Reform  of 
the  Patent-Laws. 

The  following  view  of  the  subject  was 
presented  to  the  meeting  of  the  British 
Association  by  Mr.  James  Simpson, 
Advocate,  of  Edinburgh;  It  may  be 
observed,  that  this  gentleman  is  one  of 
the  ablest  supporters  of  the  opinion, 
that  the  specification  should  be  exa- 
mined and  reported  upon  by  a  commis- 
sion of  competent  persons  before  the 
patent  be  granted. 

"  To  influence  a  reform  of  the  laws  of 
patents  for  new  inventions,  was  one  of 
the  leading  objects  of  the  formation  of 
the  British  Association*.  The  subject, 
however,  not  having  yet  come  under  their 
consideration,  I  have  humbly  ventured, 
at  the  request  of  Sir  David  Brewster, 

*  It  is  remarkable  that  from  some  cause 
or  other,  which  ought  to  be  ascertained  and 
exposed,  this  "  leading  object,"  though  re- 
peatedly presented  to  the  attention  of  the 
Managers  of  the  Association,  has  never 
been  permitted  to  be  discussed.  They 
have  uniformly  denied  it  admission  to  any 
section.     They  did  so  this  time  at  Bristol. 


and  as  having  given  some  attention  pro- 
fessionally to  the  subject,  to  oflFer  a  few 
observations  upon  it. 

"  The  legislation  which  is  demanded 
for  the  regulation  of  patents  is  essen- 
tially reformatory,  and  it  seems  the 
briefest  way  to  obtain  a  notion  of  what 
it  ought  to  be,  to  state  the  several  evil 
consequences  which  follow  the  law  as  it 
exists.  Generally,  it  may  be  said,  that 
a  patent,  instead  of  being  a  reward  for 
genius,  and  a  privilege  to  be  desired, 
is  a  trap  for  the  unwary,  a  ?  ource  of 
heart-breaking  annoyance,  and  in  many 
instances  the  cause  of  utter  ruin:  and 
for  all  this  an  enormous  tax  is  imposed, 
almost  entirely  in  the  form  of  fees  to 
high  public  functionaries  who  do  nothing 
in  the  matter. 

"  1 .  The  glaring  inconsistency  and  ab- 
surdity of  passing  patents,  of  course,  is 
the  manifest  root  of  all  the  evils  attend- 
ing the  system.  The  patent  is  the 
privilege  of  a  monopoly  of  the  market  of 
the  patent  article,  as  a  reward  for  its 
originality  and  utility.  But  it  is  given 
to  any  one  who  asks  it  on  his  own  affi- 
davit, to  his  belief  on  these  two  im- 
portant points.  On  both  points  the 
patentee,  for  he  becomes  such  in  the 
course  of  the  official  forms,  on  paying 
his  fees,  may  he  in  error  or  in  fraud ; 
on  both  points,  may  have  stolen  another's 
invention,  or  taken  a  monoply  of  an 
article  sold  in  every  shop  and  market. 
If  he  has  invaded  the  rights  of  prior 
inventors,  or  of  the  public,  liis  patent  is 
waste-paper,  and  ought  to  be  so,  and 
he  must  defend  himself  in  a  court 
of  law.  But  the  extreme  looseness 
of  the  practice  naturally  gave  rise  to 
a  leaning  against  the  patentee,  and 
the  adoption  of  a  number  of  rigid 
rules  and  technicalities,  of  all  of  which 
he  was  forced  to  get  clear  before  he 
was  secured  of  his  privilege.  There 
could  be  no  distinction  of  persons,  so 
that  an  Arkwright,  a  Watt,  and  a 
Dollond,  was  as  much  put  at  disadvan- 
tage as  the  least  respectable  patentee ; 
and  unable  to  overcome  the  vexatious 
obstacles  that  rendered  their  right  a 
mockery,  after  expending  vast  sums, 
actually  lost  it  on  the  most  frivolous 
technicalities.  Having,  as  I  observed, 
had  some  practice  as  counsel  in  patent- 
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cases,  I  can  speak  to  the  contemptible 
quibbles  which  it  may  cost  the  patentee 
thousands  of  pounds  to  clear  away  ;  and 
no  patent  can  be  held  to  be  secure  till  it 
has  passed  the  ordeal  of  a  court  of  law, 
and  cost  from  one  to  three  thousand 
pounds*.  I  know  that  one  patent 
which  I  had  some  share  professionally 
in  vindicating,  and  it  is  one  of  the  few 
that  has  survived  trials  both  in  Eng- 
land and  Scotland,  has  cost  the  pa- 
tentees, the  Messrs.  Croxley,  for  it  is 
the  gas-meter,  between  £10,000  and 
£12,000.  This  oppressive  result  would 
be  avoided,  and  its  recurrence  prevented 
by  the  previous  investigation  of  claims 
for  patents,  by  granting  them  causa 
cognita ;  and  when  the  means  are  deli- 
berately taken,  to  determine  the  points 
first  of  utility,  and  then  of  originality 
and  priority,  and  to  put  the  public  at 
large  on  their  guard,  the  right  should 
be  declared  absolute,  like  that  to  any 
other  property,  and  uncancellable  during 
its  term.  All  legal  questions,  with  re- 
gard to  the  patentee,  would  then  be 
limited  to  the  question  not  of  patent,  or 
tio  patent,  but  infrinyement,  or  no  in- 
fringement. 

"  The  diminution  of  litigation,  and  of 
course,  of  ruinous  expense  to  the  pa- 
tentee, in  his  then  position,  must  be  ob- 
vious. The  whole  field  of  litigation  in 
which  he  is  now  forced  to  prove  his 
patent,  would  be  closed  in  his  favour, 
and  infringement  itself  would  be  in- 
directly prevented,  when  all  hope  of 
defence  is  taken  from  the  pirate  on  the 
insufficiency  of  the  patent,  and  nothing 
remains  but  the  question  of  infringe- 
ment or  not,  the  usual,  and,  very  often, 
the  successful,  ground  of  attack. 

"  2.  The  next  evil  is  the  incompetency 
of  common  Juries,  and  even  Judges,  to 
try  questions  of  patents  in  the  short 
and  peremptory  sittings  which  can  be 
allotted  to  them.  The  Counsel,  who 
have  the  benefit  of  previous  preparation, 
come  of  course  prepared ;  but  it  is  no- 
torious that  both  Judges  and  Jury  mis- 
take the  construction  and  operation  of 

*  By  a  very  recent  act  passed  on  a  bill 
introduced  into  the  House  of  Lords  by  Lord 
Brougham,  several  of  the  most  cruel  dis- 
advantages to  which  patentees  were  sub- 
jected have  been  removed ;  but  the  essential 
vice  remains,  or,  as  it  may  be  called,  the 
solecism  that  a  patent-right  signed  by  the 
sign  manual,  and  passed  under  the  great 
seal,  is  a  right  of  no  greater  value  than  to 
be  ruined  at  law  I 


complicated  machines,  and  it  is  their 
duty,  not  the  counsel's,  to  decide.  It  is 
plain,  that  the  previous  investigation  of 
the  patent-right  would  relieve  the  tri- 
bunal that  may  be  called  upon  to  decide 
upon  the  question  of  infringement,  of 
one  great  branch  of  the  difficulty. 

"  3.  A  third  evil  amounts  to  a  denial 
in  limine,  of  the  advantage  of  a  patent 
to  genius  if  accompanied  by  poverty.  I 
allude  to  the  enormous  tax,  in  the  foim 
of  official  fees,  laid  upon  patentees.  I 
can  see  the  justice  and  reasonableness 
of  certain  fees  levied  to  remunerate  the 
labour  of  a  previous  investigation  of  the 
patent-right,  but  why  should  the  poor 
man,  whose  talent  has  discovered  some- 
thing that  may  benefit  the  country  and 
the  species,  pay  enormous  sums  to  the 
Lord  Chancellor,  the  Attorney-General, 
and  other  high  functionaries  ?  Why 
should  these  officers  be  paid  by  inven- 
tive genius,  for  no  greater  exei'tion  than 
a  nod  of  consent  ?  But  one-tenth  of 
these  fees  would  remunerate  and  esta- 
blish the  most  perfect  attainable  sys- 
tem of  investigation,  and  previous  and 
subsequent  inquiry. 

"  It  is  calculated  that  one  hundred  and 
fifty  patents,  on  an  average,  pass  in  the 
year,  costing  about  £  15,000.,  of  which 
about  £7000.  is  paid  to  the  Treasury, 
and  £38,000.  in  form  of  fees  to  high 
officers,  who  do  nothing  whatever  in  the 
matter.  It  has  been  well  termed  the 
"  Patent-grievance,''  and  calls  loudly 
for  reform.  It  operjites,  in  nineteen 
cases  out  of  twenty,  as  a  prohibition, 
and  it  is  known  to  many  who  hear  me, 
that  there  are  hundreds  of  inventions 
which  will  never  see  the  light,  and  may 
die  with  their  authors,  from  the  hope- 
lessness of  obtaining  the  necessary 
funds  to  pay  the  tax. 

"  The  means  of  remedying  these  seve- 
ral evils  are  not  now  new  propositions. 
They  have  been  proposed  by  Wrottesley 
and  Curwen,  and  given  in  evidence  by 
the  raost'experienced  and  enlightened 
witnesses,  to  Committees  of  Parliament. 
They  have  been  discussed  for  years ; 
their  disadvantages  as  well  as  their  ad- 
vantages canvassed  ;  and  back  we  are 
forced  to  them  as  essential  to  the  very 
existence  of  a  rational  patent-law. 

"  They  are,  First,  That  patents  shall 
be  granted,  causa  cognita,  for  original 
and  useful  inventions,  and  shall  be 
vested  rights  like  other  property. 

"  Second,  that  the  investigations  pre- 
vious to  granting  a  patent  shall  be  com- 
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mitted  to  Cutninissioners,  consisting  of 
eminent  scientific  men,  and  lawyers,  of 
rank  and  character  above  all  suspicion, 
and  endowed  by  the  government, — that 
endowment  to  be  provided  for  by  a 
moderate  part  of  the  tax  now  levied 
upon  the  inventor,  and  justly  levied, 
because  it  is  to  pay  for  labour  in  his 
service;  and,  Thirdly,  that  official  fees 
on  patents  be  abolished,  and  a  portion 
only  retained  to  remunerate  the  Com- 
missioners, who  actually  labour  in  the 
applicant's  business. 

"  Some  hold  that  patents  should  be 
obtained  free,  like  the  copyright  of  books. 
It  would  be  desirable  that  this  were 
practicable,  but  it  is  not.  There  is  no 
doubting  the  originality  of  a  book  or  the 
composition  of  its  words  and  sentences, 
originality  on  the  one  hand  and  plagia- 
rism on  the  other,  are  of  easy  esta- 
blishment ;  but  of  the  originality  and 
utility  of  an  invention  in  mechanics  or 
chemistry,  the  investigation  may  be 
complicated  and  difficult.  It  will  re- 
quire labour,  and  that  labour  must  be 
paid  for,  and  by  none  other  than  the  per- 
son who  demands  it.  But  he  should 
have  the  labour  at  the  lowest  possible 
rate,  to  have  it  of  the  best  quality,  and 
that  should  be  the  sole  expense  of  a 
patent.  Suppose  then  that  one  hundred 
and  fifty  patents  are  passed  in  the  year, 
costing  the  applicants  50/.  each,  for  the 
three  kingdoms  and  colonies,  the  sum 
of  7500/.  would  be  raised  to  reimburse 
government  for  stated  salaries,  paid  by 
it  directly  to  the  commissioners.  It 
would  be  important  that  government 
should  salary  the  commissioners,  and 
take  away  temptation  to  pass  frivolous 
inventions  to  increase  the  returns. 

"In  order  to  meet  doubts  of  the  trust- 
-worlhiness  of  the  commissioners,  it 
has  been  proposed  by  many  who  have 
thought  on  the  subject,  that  the  com- 
missioners should  be  divided  into  two, 
or  even  three,  distinct  and  independent 
boards.  If  two,  one  sitting  in  London, 
and  another  in  Edinburgh.  If  three, 
one  in  each  of  the  three  capitals ;  and 
that  no  patent  should  be  granted  that  is 
not  sanctioned  by  these  independent 
boards.  Local  jealousies  would  then 
be  met  and  remedied,  and  the  state  of 
the  arts  all  over  the  empire  better 
known. 

"  Into  details  this  is  not  the  place  or 
time  to  enter.  Each  board  would  have 
its  secretary  and  register,  and  the  means 
of  transmitting  the  results  of  their  in- 


vestigations to  each  other.  That  there 
might  be  a  majority  of  boards,  three 
would  be  better  than  two. 

"  Applicants  would  apply,  as  now,  by 
petition  to  the  king  through  the  Secre- 
tary of  State  for  the  Home  Department, 
who  would  at  once  send  the  case  to  one 
of  the  boards  for  investigation.  Time 
and  publication  of  the  invention,  by 
name  and  general  description,  would 
advertise  the  lieges  whom  it  might  con- 
cern. Competitors  would  be  heard, 
their  claims  determined,  admitted,  or 
repelled,  and  the  patent  advised  to  be 
given  or  refused.  The  defeated  party 
would  then  have  a  right  of  appeal  to 
the  other  boards,  and  all  the  documents 
might  be  transmitted.  The  joint  opi- 
nion, or  that  of  a  majority  of  the  boards, 
to  be  final. 

"  No  trial  of  the  patent  beingafterwards 
compelled,  it  is  only  necessary  to  pro- 
vide for  questions  of  infringement. 
That  I  would  humbly  propose  to  render 
the  function,  the  high  function  of  the 
Commissioners,  with  appeal  from  one 
board  to  the  others,  and  their  verdict  of 
infringement  to  be  then  pleaded  in  a 
court  of  law,  to  the  end  of  obtaining 
damages.  I  shall  beg  to  lodge  with  the 
secretary  of  this  meeting  the  details, 
almost  in  clauses  which  might  consti- 
tute a  legislative  measure,  on  the 
principles  I  have  now  laid  down." 

Physician,  not  necessarily  an  M.  D. 

Dr.  Buckl.vnd,  in  one  of  the  general 
meetings  of  the  British  Association  at 
Bristol,  asserted  the  natural  right  of  the 
natural  philosopher  to  the  appellation 
of  "physician."  In  speaking  of  a  gen- 
tleman of  high  attainments  in  mathe- 
matics and  physics,  he  boldly  and  hap- 
pily styled  him  a  physician.  "  Mark," 
says  the  Doctor,  "  not  a  medical  one, 
from  having  obtained  a  diploma  in  the 
faculty  of  medicine,  but  a  physician 
from  an  extensive  acquaintance  with 
the  physics, — with  the  phenomena  and 
laws  of  the  material  world."  We  hope 
this  example  of  the  excellent  and  sen- 
sible doctor  will  be  steadily  followed.  In 
a  conversation  afterwards  on  the  subject, 
it  was  suggested  to  prevent  equivoca- 
tion, that  in  the  new  and  correct  use  of 
the  word,  it  might  be  spelt  "  physicien," 
as  the  French  have  it,  and  that  their 
division  of  the  last  two  syllables  might 
be  adopted  instead  of  the  usual  pronun- 
ciation "  shun."  We  hope  the  College 
will  be  satisfied  with  this  compromise. 
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Valuable  Donation,  by  a  Lady,  to  a 
Scientific  Institution. 

Mrs.  Page,  of  Speen,  in  Berkshire,  the 
widow  of  the  late  Colonel  Frederick  Page, 
has  recently  presentetrto  the  Institution 
of  Civil  Engineers,  of  London,  of  which 
Colonel  Page  was  a  member,  "  all  such 
parts  of  his  library  and  collections  as 
relate  to  the  objects  of  the  profession, 
for  a  memorial  of  their  late  colleague." 
As  the  Colonel,  during  a  long  life, 
had  been  a  zealous,  intelligent,  and 
liberal  promoter  and  improver  of  Canal 
Navigation,  and  had  carefully  collected 
and  preserved  every  fact  and  document 
of  every  canal  in  every  country  that 
came  within  his  reach,  the  donation  is  of 
no  ordinary  value  to  such  an  institution. 
Besides  several  hundred  volumes  in 
English,  French,  German,  Dutch,  and 
Italian,  and  a  large  number  of  maps, 
plans,  drawings,  &c.,  the  present  con- 
tains the  MS.  engravings,  drawings,  and 
documents,  which  Colonel  Page  had 
been  preparing  for  some  years,  and 
which  he  had  intended  for  publication, 
under  the  title  of  An  Historical  and 
Statistical  View  of  Inland  Navigation, 
and  particularly  that  of  England. 

Temperature  of  London  in  1835. 

From  observations  made  regularly  by 
Mr.  Webster,  at  No.  43,  Cornhill,  Lon- 
don, the  mean  height  of  the  Thermo- 
meter for  the  year  1835,  at  that  place, 
was  SO-SSe"  Fahr.  This  is  rather  higher 
than  the  mean  of  the  last  fifieen  years, 
which  Mr.  Webster  states  to  be  29-562° 
Fahr. 

New  Fact  in  Electricity. 

Professor  Belli,  of  Milan,  has  pub- 
lished some  experiments  conducted  by 
himself,  which  demonstrate  that  the 
negative  electric  fluid  is  dissipated  in 
about  half  the  time  required  by  that 
which  is  positive.  This  fact  had  escaped 
the  observation  of  Coulomb,  and  also  of 
M.  Biot.  M.  Peltier,  greatly  surprised 
at  the  difference  thus  found  by  the 
Italian  Professor,  is  now  engaged  in  an 
attempt  to  discover  the  cause. 

Berlin  University. 

An  official  publication  has  issued  at 
Berlin,  which  statfes  tiiat  in  the  Uuivet- 
sity  of  that  city,  there  are  at  present 
147  professors,  1677  matriculated  stu- 
dents, and  470  persons  who  are  study- 
ing for  their  pleasure. 


Death  of  M.  Aniph-e— Election  of 
M.  Savart. 
The  esteemed  and  venerable  Ampere, 
a  sketch  of  whose  manner  as  a  lecturer 
is    given    in    Vol.  I.,  p.   ]  78,    is   lately 
dead.     M.   Ampere    was    Professor  of 
Experimental  Philosophy,  (la  Physique 
Experimentale,)    in    the    College    de' 
France.  M.  Savart,  during  the  illness  of 
M.  Ampere,  discharged  his  duties  at  the 
College.     On  his  death,  M.  Savart  was 
unanimously  selected  by  the  Professors 
as  their  candidate  for  the  vacant  chair, 
and  he  has  since  been  elected  to    it  bv 
the  Academic  des  Sciences. 

Bronze  Ori ginal  of  the  Warwick  Vase. 
An  antique  vase  of  bronze,  in  remark- 
able preservation,  and  of  great  ele- 
gance, has  been  found  in  a  garden  at 
Cairo.  It  is  said  to  be  the  one  cast  by 
Lysippus  himself,  the  favourite  sculptor 
of  Alexander  the  Great,  and  to  be  the 
original  from  which  the  Warwick  Vase 
has  been  copied.  _,The  French  Consul, 
M.  Mimaut,  is  reported  to  have  refused 
some  very  large  offers  for  its  purchase. 
Statistical  Association  of  Normandy. 
The  Association  of  Normandy,  insti- 
tuted for  the  purpose  of  ascertaining 
the  statistics  of  that  part  of  France, 
have-  assembled  successively  in  the 
chief  towns  of  each  district,  to  discuss 
and  collect  answers  to  a  series  of  six 
hundred  inquiries.  These  had  been 
previously  drawn  up,  and  are  intended 
to  contain  every  point  desirable  to  be 
known.  The  last  meeting  has  recently 
taken  place  at  Vire,  at  which  ]  50  mem- 
bers of  the  Association  were  present. 

Improved  Composition  for  Crayons 
and  Pencil  Points. 
Take  equal  quantities  of  resin  and 
pitch,  with  as  much  shellac  as  is  neces- 
sary for  strength,  and  add  to  them  fine 
pulverized  black  lead,  of  sufficient  quan- 
tity, when  melted,  to  form  a  soft  paste ; 
expose  the  mixture  to  a  melting  heat, 
and  stir  it  with  a  trowel  until  it  becomes 
soft  and  yielding.  The  composition 
may  then  be  put  into  a  heated  iron 
mould,  and  forced  through  one  or  more 
holes,  of  any  size  required;  it  being 
then  in  a  proper  state  for  roUing,  by 
which  it  acquires  a  polished  surface. 
The  roUamay  then  be  laid  in  a  straight 
position,  cooled,  gauged,  aird'cutiato 

the  required  lengths. Journal  of  th&  ^' 
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Gratuitous  Institution  for  the  Forma- 
tion of  Practical  Naturalists. 

The  universal  necessity  for  the  esta- 
blishment of  a  school  for  the  education 
of  the  practical  naturalist,  has  been  re- 
peatedly urged  in  L'Echo  du  Monde  sa- 
vant, a  Parisian  scientific  periodical. 
The  same  work  has  recently  announced, 
that  the  idea  has  been  carried  into  exe- 
cution. There  ought  to  be  as  little 
doubt  of  its  successful  career,  as  there 
can  be  of  the  immense  assistance  it 
must  furnish  to  the  acquirement  of  an 
accurate  knowledge  of  natural  history 
in  its  most  extensive  sense.  We  subjoin 
some  observations  on  the  subject  by  M. 
Boubee,  an  eminent  French  geologist. 

"  Now  that  the  study  of  nature  is 
daily  gaining  so  many  proselytes  to 
science,  it  cannot  be  matter  of  surprise 
that  the  number  and  contents  of  collec- 
tions of  natural  history  are  rapidly  in- 
creasing, and  that  the  demand  for  per- 
sons skilled  in  the  preparation  of  the 
objects  of  such  collections,  and  expe- 
rienced in  their  preservation,  should 
become  annually  greater  and  more 
urgent.  The  scarcity  of  this  class  of 
practical  naturalists  is,  in  fact,  every- 
where so  great,  that  besides  several 
places  in  which  the  amateurs  of  natural 
history  have  the  means  of  founding 
museums,  but  are  deterred  from  so 
doing  by  the  want  of  a  naturalist  who 
could  take  charge  of  a  collection  and 
direct  the  preparations,  there  are  actu- 
ally museums  already  commenced, 
which  are  in  want  of  conservators  and 
cannot  obtain  them.  How  many  long- 
established  institutions  are  there  also, 
the  officers  of  whose  museums  are 
now  utterly  inadequate  to  the  duties 
which  the  mere  extension  of  the  cata- 
logues imposes  upon  them  !  And  are 
there  not  others,  whose  curators  having 
neglected,  or  being  incompetent,  to  keep 
up  with  the  rapid  march  of  their  sci- 
ence, are  so  far  in  the  rear,  that  the 
language  used  by  their  advanced  asso- 
ciates is  unintelligible  to  them  ? 

"  Under  the  eyes  of  the  former,  how 
many  rare  and  precious  objects  are 
hourly  perishing  through  the  blunders 
or  inattention  of  their  guardians  !  Who 
can  say  what  treasures  are  confined  to 
the  friendly  damp  and  obscurity  of 
cellars,  that  their  testimony  to  the  in- 
competency of  the  parties  to  whom  they 
have  been  intrusted  may  never  obtrude 
upon  the  public  attention  ?     Under  the 


care  of  the  latter,  how  securely  do  old 
and  exploded  systems  still  hold  their 
reign,  and  how  strongly  does  the  faded 
label,  and  disregard  of  all  modern  ar- 
rangement, which  is  evident  in  every 
case,  testify  the  blissful  ignorance  in 
which  their  curator  has  quietly  dozed 
for  the  last  five-and-twenty  years  ! 

"Added  to  the  want  of  practical  natu- 
ralists, which  the  reforms  in  the  old 
establishments,  and  the  cravings  of  the 
new  are  producing,  there  are  new  asso- 
ciations organized  for  the  acqui.sition, 
study,  and  preservation  of  local  natural 
productions,  arising  in  every  depart- 
ment; expeditions  for  scientific  pur- 
poses are  fitting  out,  at  great  cost,  lor 
the  exploration  of  the  most  distant 
countries:  and  the  wealthy  patrons  of 
science  are  either  visiting  themselves, 
or  commissioning  others  to  visit  and 
examine,  at  their  expense,  some  of  the 
numerous  points  of  the  globe  on  which 
Nature  has  deposited  myriads  of  her 
wonders  still  unknown.  In  all  these 
instances,  experienced  guides  and  in- 
telligent assistants  will  be  invaluable. 
But  where  are  they  to  be  found  ?  And 
more,  where  could  a  lover  of  natural 
science  prepare  himself  for  such  services 
by  a  course  of  actual  research,  con- 
ducted under  the  direetini  of  competent 
teachers,  and  at  a  cost  within  the 
means  of  those  who  are  not  affluent? 

"  In  no  place  that  we  know  of  does  any 
opportunity  of  the  kind  exist.  In  no 
place,  for  instance,  is  Taxidermy  prac- 
tically taught;  and  public  instruction 
imparted  on  the  art  of  setting  up  the 
spoils  of  birds  and  quadrupeds,  and 
giving  to  each  specimen  its  characteristic 
expression  and  attitude.  In  no  place 
are  there  lessons  on  the  best  modes  of 
collecting  and  preparing  the  various 
classes  of  reptiles,  of  fishes,  of  insects, 
&c.,  and  of  preserving  them,  when  pre- 
pared, from  the  numerous  causes  of 
destruction  which  surround  them.  Bo- 
tany, it  is  true,  may  boast  of  her  advan- 
tages :  these  have  proceeded  principally 
from  the  ease  with  which  her  subjects 
can  be  obtained  and  prepared,  but  even 
she  has  to  deplore  the  losses  and  mis- 
chiefs which  ignorance  and  inexperience 
are  constantly  producing.  In  Mineralogy 
and  in  Geology,  the  knowledge  of  the 
beds,  judgment  in  the  selection,  and 
skill  in  the  dressing,  of  the  specimens, 
are  possessed  by  very  few  individuals, 
whose  position  in  society,  and  whose 
personal  acquirements  and  tastes,  are 
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favourable  to  the  communication  of  such 
knowledge  to  others. 

"This  extensive  demand  for  assistants, 
and  this  dearth  of  instruction  which  is 
necessary  to  create  them,  has  produced 
that  scarcity  of  preparers,  preservers, 
and  travelling-naturalists,  which  is  now 
severely  felt  in  France,  in  Great  Britain, 
in  Belgium,  and  in  all  the  northern 
states  of  Europe;  in  all  places,  in  fact, 
where  large  public  museums,  or  exten- 
sive private  collections  exist.  Applica- 
tions, in  great  numbers,  are  now  per- 
petually addressed  to  the  professors, 
&c.,  of  the  public  establishments  in 
Paris,  for  persons  to  whom  the  care  of 
museums  might  be  confided,  and  for 
naturalists  who  could  explore  skilfully, 
and  report  correctly,  the  phenomena  of 
nature  in  new  countries,  or  who  would 
be  competent  and  willing  to  associate 
themselves  with  expeditions  of  more  or 
less  magnitude  entirely  designed  for 
scientific  purposes,  or  with  others  of  a 
commercial  or  political  nature,  but  in 
which  opportunities  for  scientific  re- 
search and  experiment  would  be  afibrded, 

"  It  would,  therefore,  be  rendering  a 
most  important  service  to  science,  if 
young  men  could  be  so  prepared,  by  a 
short  course  of  actual  research  and 
manipuliition,  as  to  become  useful 
assistants  to  their  leaders  in  science,  or 
upright  and  intelligent  guardians  of  the 
stores  of  natural  riches  already  amassed. 
At  the  same  time,  it  must  also  be  evi- 
dent that  a  new  and  honourable  career 
would  be  opened  to  a  numerous  class  of 
young  men,  who  have  an  ardent  thirst 
for  knowledge  of  this  kind,  but  whose 
friends  are  alarmed  by  the  prevailing 
notion  that  scientific  attainments  are 
difficult  to  acquire,  and  that  when  ac- 
quired, they  are  not  sufficiently  remune- 
rated to  permit  their  possessor  to  live.  In 
this  state  of  public  opinion,  and  particu- 
larly with  regard  to  the  latter  notion,  it 
is  now  desirable  that  every  person  who 
interests  himself  in  the  progress  of  the 
natural  sciences  should  make  it  a  duty 
to  contradict,  within  his  sphere  of 
action,  the  assertion,  that  scientific 
studies  cannot  introduce  young  men  to 
valuable  connexions,  nor  open  to  them 
any  profitable  career.  It  is  gratifying 
to  be  able  to  refute  such  mis-statements, 
and  on  safe  grounds  to  assure  all  those 
who  at  present  entertain  such  an  opinion, 
that  Science  has  ceased  to  be  so  ungrate- 
ful to  her  cultivators.  Let  us  take  as  an 
example,  the  branch  of  natural  history 


alone,  let  us  point  out  the  numerous 
sources  of  employment  for  its  professors 
in  France  only.  Natural  History  is  now 
taught  in  all  her  universities  and  col- 
leges, in  numerous  departmental  in- 
stitutions, in  all  the  primary  schools,  and 
is  about  to  be  so  in  the  secondary  ones. 
The  number  of  societies  for  its  pro- 
motion, and  of  records  for  its  history,  are 
daily  increasing,  and  so  are  the  periodi- 
cal publications,  both  those  entirely  de- 
voted to  the  science,  and  others  which,  to- 
gether with  newspapers,  devote  a  section. 
Botanical,  horticultural,  and  zoological 
gardens  and  museums  are  com  mon  in  the 
larger  towns,  and  are  even  forming  in  the 
smaller  ones.  Enterprising  individuals 
are  continually  undertaking  new  expe- 
riments and  inquiries,  associations  are 
formed  or  forming  in  every  part,  the 
government  is  urgently  demanding  the 
completion  of  the  geological  maps  of 
each  department  of  France,  and  general 
commerce  is  becoming  interested,  on  a 
grand  scale,  with  the  natural  productions 
of  all  countries :  hence  are  offered,  to 
the  rising  generation  particularly,  nu- 
merous inducements,  in  a  prudential 
point  of  view,  to  the  study  of  natural 
history.  The  few  who  have  hitherto 
devoted  themselves  to  it,  have  generally 
been  rewarded  with  offers  of  engage- 
ments from  all  quarters.  And  we  re- 
peat from  our  own  knowledge,  that  there 
is  in  every  part  a  great  want  of  persons 
to  fill  situations,  the  duties  of  which 
would  require  an  intimate  knowledge  of 
natural  history  ;  and  we  do  not  hesitate 
to  avow,  that  even  at  Paris  we  have 
never  yet  obtained  such  a  sufficient 
number  of  intelligent  assistants  in  this 
class,  as  we  ourselves  desire  to  attach 
to  our  various  publications. 

"  Impressed  with  these  considerations, 
and  anxious  to  supply  this  great  defi- 
ciency of  scientific  labourers,  the  foun- 
ders* of  a  museum  for  the  collection  of 
natural  history  on  a  large  scale,  in  the 
Pyrenees,  at  St.  Bertrand-de-Com- 
minges,  have  resolved  to  adapt  it  to  the 
practical  instruction  of  naturalists  and 
others  who  may  be  desirous  of  becoming 
conservators  and  scientific  assistants  in 
museums,  and  undertakers  or  associates 
in  missions  for  the  pursuit  of  natural 
history  in  every  part  of  the  globe.  The 
operations  and  manipulations  constantly 
carried  on  in  the  ateliers  and  labora- 
tories attached  to  the  museum,  and  the 

*  M.  Boub^e  is  one  of  these  public- 
spirited  individualis. 
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researches  which  are  perpetually  in 
train  along  the  whole  chain  of  the 
Pyrenees  from  the  Atlantic  to  the  Me- 
diterranean, will  necessarily  introduce 
the  students  to  every  variety  of  object 
in  the  sea  and  on  its  shores,  in  regions 
of  the  lowest  elevation  and  highest 
temperature,  and  in  those  whose  plains 
are,  by  their  height,  covered  with  per- 
petual snow.  The  southerly  face  of 
these  mountains,  particularly  in  the 
valleys,  is  favourable  to  the  existence  of 
numerous  animals  which  belong  to  hot 
climates:  in  ascending  from  these  to  the 
glaciers,  a  prodigious  number  of  animals, 
vegetables,  &c.,  are  successively  met 
with,  peculiar  to  the  temperature,  zones, 
&c.,  which  are  traversed.  The  geological 
and  mineralogical  riches  of  the  chain 
cannot  be  surpassed ;  every  stratum 
being  to  be  found  in  positions  the  most 
favourable  for  examination  and  remark. 
Finally;  the  students  of  this  Pyrenean 
museum  will  not  only  learn  to  find,  to 
collect,  to  prepare,  and  to  preserve 
objects,  but  they  will,  under  professors 
attached  to  the  establishment  and  emi- 
nent for  their  acquirements,  be  taught 
to  recognise  them  under  all  circum- 
stances, to  class  them  systematically,  to 
seize  accurately  upon  their  character- 
istics, so  as  to  be  enabled  to  give  such 
technical  descriptions,  as  are  now  re- 
quired from  those  who  aspire  to  be 
historians  of  natural  history,  or  even  re- 
porters of  isolated  facts  relating  to  it. 

"  This  course  of  combined  instruction 
and  practice  at  the  establishment  of  St. 
Bertrand,  will  be  entirely  gratuitous. 
After  two  years  passed  in  the  Pyrenees, 
entirely  occupied  in  travels,  searching 
and  collecting,  and  in  the  ateliers,  pre- 
paring, preserving,  and  studying,  the 
students,  who  may  desire  it,  will  be 
distributed,  by  the  introduction  of  the 
directors  of  the  establishment  and 
according  to  their  respective  merits, 
among  the  various  states,  societies,  and 
museums,  who  may  have  made  applica- 
tions for  travelling-naturalists,  pre- 
parers, and  conservators,  of  skill,  expe- 
rience, and  integrity." 

We  ought,  in  justice,  to  add,  that  the 
founders  of  this  institution  candidly 
state,  that  they  do  not  profess  to  have, 
in  creating  it,  no  other  interest,  than 
the  accomplishment  of  a  philanthropic 
intention.  They  propose,  as  a  remunera- 
tion of  the  necessary  expenses,  that  the 
results  of  the  researches  and  labours  of 
the  students' shall  be  the  property  of  the 


museum.  This  seems  to  be  reasonable 
and  fair;  and  even  by  this  arrangement 
the  general  diffusion  of  knowledge  will 
be  assisted,  for  the  various  collections  in 
all  departments  of  natural  history,  which 
are  prepared  for  sale  at  the  museum, 
by  the  unpaid  assistance  of  the  students, 
may  be  disposed  of  at  still  lower  prices. 
It  may  also  be  useful  to  say,  that  a 
correct  idea  may  be  formed  of  the  ex- 
pense of  residing  at  St.  Bertrand,  from 
the  fact  that  the  students  of  an  ancient 
and  excellent  college  still  existing  there, 
are  boarded  and  lodged,  including  every 
expense,  at  about  £20  per  annum. 

Taxidermy. 

M.  Gannal  proposes  a  solution  of  the 
following  salts  for  the  preservation  of 
animal  substances,  which  from  its  cheap- 
ness and  superior  preservative  qualities, 
seems  to  be  preferable  to  the  materials 
heretofore  used. 

Alum  ...         2  parts. 

Chloride  of  soda       .     2 

Nitrate  of  potassa  1  

Two  dead  bodies  were  immersed  in  a 
liquid  containing  these  salts  in  solution, 
and  at  the  end  of  two  months  were 
found  to  have  undergone  no  change  in 
their  appearance.  In  general,  the 
tissues  and  internal  organs  are  per- 
fectly preserved.  Sometimes  those  im- 
mediately in  contact  with  the  fluid,  lose 
their  natural  colour,  but,  further  than 
this,  no  change  takes  place.  The  mus- 
cular fibres  offer  less  resistance  to  pres- 
sure, than  is  usual,  in  a  body  forty- 
eight  hours  dead.  It  seems  to  be  pecu- 
liarly well  adapted  for  the  preservation 
of  the  brain,  as  this  organ,  although 
thus  kept  for  some  months,  will  still 
serve  for  the  demonstrations  of  the 
anatomist.  This  solution  has  also  been 
successfully  used  as  an  injection  in  ana- 
tomical preparations. L'Institut. 

Stationary  Temperature  of  Alcohol 
on  heated  Metals. 

A  CURIOUS  fact  has  been  observed  in 
regard  to  the  temperature  to  which  al- 
cohol of  the  specific  gravity  "SI,  con- 
taining, therefore,  93  parts  of  absolute 
alcohol,  and  7  of  water,  could  be  raised 
in  a  heated  dish.  It  is  necessary,  as  an 
introductory  remark,  to  recall  the  fact, 
that  when  the  temperature  of  a  liquid 
is  gradually  raised,  by  applying  heat 
to  the  vessel  containing  it,  a  limit  is 
reached  when  the  temperature  of  the 
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liquid  becomes  stationary ;  the  vapour 
given  out  in  boiling  carrying  off  the 
heat  which  enters  the  mass.  When  alco- 
hol, of  the  strength  above  stated,  was 
projected  into  a  bowl,  heated  above  the 
temperature  at  which  repulsion  of  the 


(liiid  takes  place,  the  temperature  of  the 
li(iuid  did  not  rise  to  its  boiling-point. 
In  fact,  the  stationary  temperature,  in- 
stead of  corresponding  with  that  of  ebul- 
lition, was  lower  as  the  temperature  of 
the  dish  was  higher. 


Tabular  View  of  the  Manner,  Cause,  and  Effect  of  the  Destruction  of  Steam - 
Boilers,  in  the  several  cases  in  which  it  may  occur. 

DRAWN    UP    BY   M.    GALY-CAZALAT. 


1.  exploded 


2,  rent 


Steam-Boilers, 

(rectangular 

and  ' 

cylindrical)     ^ 

may  be 


(if  large),  by  an  excess  in  the 

elastic  force  of  steam,  beyond 

the   resisting   power   of    the  ^dangerous 

boiler,  when  developed  slowly 

and  gradually. 

(if  large),  by  an  excess  in  the  \ 

elastic  force  of  steam,  deve-  I  , 

I       J  -ji  ■     i.        >  dangerous 

loped  very  rapidly  or  mstan-  ° 

taneously,  ' 

(if  small),  by  an  excess  in  the 
elastic  force  of  steam,  when 
the  sides  *   are   incapable  of  )  harmless- 
an    equal    resistance    in    all 
parts. 
/  (if  large),  by  an  excess  in  the 
elastic  force  of  steam,  when  I 
developed  at  a  certain  rate,  I 
and  when  the  sides  are  inca- 
pable of  equal  resistance  in  all 
parts. 


.harmless 


[N.I5.  The  boil- 
ers under  consi- 
deration in  this 
Table,  are  sup- 
posed to  be  with- 
out tubes  or  parti- 
tions,  internally  ; 
tlie  tiie  and  the 
flues  to  be  exter- 
nal ;  tlie  former 
l)eneath,  and  the 
latter  around, 
tliem.] 


3,  crushed 


(if  large),  by  pressure  of  the  at- 
mosphere, when  the  steam  is 
sufficiently  condensed. 


r  harmless,    or 
I     dangerous, 
I    according  to 
[circumstances 


)  (if  small  or  large),  by  the  contact  ^ 
of  a  foreign  substance  (a  bad  I .         , 
conductor  of  heat)  with  the  f'^^^^^ 
boiler-bottom.  j 


(ii  large  or  small),  by  the  inflam- 1 
mation  of  a  certain  volume  of  I 
explosive  gas  in  the  fire-place  Idangerous 
and  flues,  when  the  former  is  I 
closed.  I 

(if  large  or  small),  by  the  instan-  "j 
taneous   developement    of  a  1 
large  volume  of  steam,  gene-  I  , 
ra,t,fid  hv  a.  siiffinipnt,  niinntitv  r        o 


^^  5.  displaced  S 


rated  by  a  sufficient  quantity  r 
of  water  falling  on  a  conside-  I 
rable  surface  of  embers.  | 

(if  large  or  small),  by  the  recoil 
produced  by  the  destruction 
of  the  equilibrium  of  the  in- 
ternal pressure,  in  conse- 
quence of  a  large  accidental 

,     opening. 


.dangerous 


*  By  "  sides,"  is  understood  {top-side,  bottom-side,  &c. ,)  the  whole  enclosing  sub- 
stance of  the  boiler. 
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MISCELLANIES. 


Railroad  Mania  in  Germany. 

The  municipal  council  at  Chemnitz,  in 
Saxony,  were  desirous  of  constructing? 
a  rail-road  between  that  town  and 
Dresden :  but  the  mountainous  nature 
of  the  intervening  country  rendering 
the  execution  of  such  a  project  ex- 
tremely problematical,  the  authorities 
wisely  determined  on  an  efficient  pre- 
liminary survey,  the  expense  of  which, 
amounting,  as  it  was  estimated,  to  sixty 
thousand  francs,  they  proposed  to  defray 
by  means  of  shares  of  two  francs  each  ; 
the  holders  of  which  were  to  be  entitled 
to  priority  in  taking  those  of  the  rail- 
road, if  it  were  found  to  be  practicable. 
When  these  experimental  shares  were 
publicly  announced  at  Leipsic,  a  ludi- 
crous scene  of  personal  conflict  with 
sticks  and  fists  arose  between  the  com- 
petitors, in  their  anxiety  to  secure  the 
shares,  and  several  persons  who  had 
announced  their  intention  of  taking  two 
hundred  shares  could  only  obtain  two, 
by  great  favour;  so  great  was  the  com- 
petition for  them,  that,  in  a  month,  the 
two-franc  shares  sold  for  twenty,  although 
no  one  yet  knew  whether  the  projected 
rail-road  were  practicable  or  not. 

Bored  Wells. 

M.  Cassia.no  de  Prado  states,  that  at 
the  city  of  Reuss,  near  to  Tarragona, 
there  are  upwards  of  one  hundred 
Artesian  wells  *,  and  upwards  of  sixty 
in  the  village  of  Villaseca ;  the  supply  of 
water  is  not  only  sufficient  for  the  public 
fountains,  for  the  purposes  of  irrigation, 
and  to  turn  the  mills  in  the  neighbour- 
hood ;  but  it  is  even  expected  that  a 
canal  may  be  fed  from  these  sources. 

Gas  from  Peat. 

Great  advantages  may  be  anticipated 
from  the  introduction  of  peat,  in  making 
gas  for  gas-light.  First,  it  is  less  ex- 
pensive than  the  gas  from  either  coal, 
oil,  or  resin;  second,  the  produce  is 
nearly  as  much  as  from  those  sub- 
stances :  third,  the  gas  is  quite  harm- 
less and  inoffensive,  and  has  in  respect 
to  healthfulness,  great  advantages  over 
the  others  ;  fourth,  the  peat,  after  having 
been  used  for  the  production  of  gas, 
may  be  used  for  fuel,  and  is  equal  to 
any  charcoal. 

Accoi'ding    to    the    experiments    of 
Merle,  who   is  director  of  a  gas  com- 

•  See  Vol.  I.   p.  31. 


pany  in  France,  one  thousand  kilogram- 
mes of  peat,  when  distilled  like  the 
stone  coal,  for  two  hours,  yields  eight 
thousand  cubic  feet  of  gas,  which  is  of 
rather  weak  luminating  power,  and 
contains  much  carbon,  and  which,  al- 
though apt  to  be  purified  by  water,  loses 
a  great  deal  more  of  its  strength ;  but 
if  the  same  quantity  is  distilled  for 
three-fourths  of  an  hour  only,  five  thou- 
sand and  five  hundred  cubic  feet  of  a 
pure  gas  are  obtained,  which  is  said  to 
afford  a  stronger  and  whiter  light,  than 
coal  or  oil  gas. 

An  apparatus,  consisting  of  a  con- 
densator  with  eighteen  tubes,  is  fixed 
for  purifying  the  gas  completely  ;  each 
tube  stands  in  a  reservoir  of  flowing 
-water,  so  that  the  gas  has  to  pass 
eighteen  times  through  the  water,  and 
is  not  deprived  of  its  carbon  ;  before  the 
gas  arrives  in  the  large  gasometer,  it 
has  to  pass  through  two  layers  of  dry 
lime ;  the  gas  thus  purified,  may  be  re- 
spired without  any  difficulty. 

The  construction  of  all  other  appa- 
ratus, may  be  made  like  that  for  other 
gases. Sillimans  Journal. 

Lunar  Influence  on  the  Weather. 
M.  Everest,  having  observed  that 
the  greatest  number  of  showers  in  the 
Spring  occur  at  the  new  moon,  has 
drawn  up  a  table  of  the  quantity  of  rain 
fallen  in  the  first  four  months  of  the 
year  for  a  period  of  eight  years,  specify- 
ing the  number  of  rainy  days  before  or 
after  the  change.  The  deduction  from 
this  table  is,  that  most  rain  falls  on  the 
second,  fifth,  sixth,  and  seventh  days 
before,  and  on  the  sixth  after  the  new 
moon.  By  taking  the  wM/nfter  of  rainy 
days  during  the  same  periods,  instead  of 
the  quantity  of  rain,  it  appears  that  for 
the  eight  years,  forty-five  days  were 
rainy  in  the  quarter  of  the  new  moon, 
while  the  rest  of  the  lunar  month  only 
gave  twenty-three.  An  analogous  dif- 
ference, though  not  so  striking  was  also 
observed  during  the  two  succeeding 
months  of  May  and  June,  and  the  pro- 
portion approximated  still  more  to  a 
ratio  of  equaHty  as  regarded  July;  while 
for  the  remainder  of  the  year  the  reverse 
law  holds. 

[It  would  be  desirable  if  M.  Everest's 
observations  and  deductions  could  be  re- 
peated for  a  longer  period;  there  exist 
meteorological  tables  capable  of  furnishing 
data  for  the  confirmation,  or  otherwise,  of 
so  interesting  a  question. — Editor.] 


MISCELLANIES. 
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Patent-Law  Grievance.  No.  VI. 
The  penalties  inflicted  on  the  inventive 
genius  of  Britain  durintf  the  present 
year,  up  to  the  2Sth  ult.,  in  the  shape  of 
government  stamps  and  fees  on  patents, 
amount  to  more  than  £28,000! 

N.B.    This   sum    has   been    paid   in 
ready  money,  on  taking  the  first  steps, 


and  as  many  of  the  inventors  are  poor 
men,  (operatives,)  and  a  great  many 
others  of  them  persons  to  whom  it  would 
be  very  inconvenient  to  pay  at  least 
£100  down,  they  have  been  obliged  to 
go  into  debt,  or  mortgage  or  dispose  of 
their  inventions,  either  wholly  or  in 
part,  &c. 


NEW    PATENTS.     1836. 


N.  B. — 'I'ho  fust  Date  annexed  to  each  Patent,  is  that  on  which  it  was  sealed  and  granted;  the  second. 

that  on  oibeloiv  which  th-  Specification  must  be  delivered  and  enrolled. The  abbreviation  For. 

Comm  ,  si'.Miifies  that  the  invention,  &c.,  is  "  a  communication  from  a  foreigner  residing  abroad." 


185.  Nathan  Bailev,  Leic,  Frame- 
smith  ;  for  improvements  in  machinery 
for  manufacturing  stocking  fabric.  Aug. 
1.— Feb.  1.      , 

186.  John  Thomas  Betts,  Smitlifield- 
bars,  Land.,  Rectifier ;  for  improvements 
in  the  process  of  preparing  Spirituous 
liquors  in  tlie  making  of  brandy.  Aug. 
3.— Feb.  3.     For.  Comm. 

187.  Webster  Flockton,  Spa-road,  Ber- 
mondsey,  Surry,  Turpentine  and  Tar 
Distiller ;  for  improvements  in  preserving 
timber.     Aug.  3. — Feb.  3. 

188.  John  Archibald,  Alva,  Stirling, 
N.  B.,  Manufacturer;  for  improvements 
in  machinery  for  curling  wool,  and  doffing, 
straightening,  piecing,  roving,  and  drawing 
rolls,  or  cardings  of  wool.   Aug.  4. — Feb.  4. 

189.  Ramsay  Richard  Reinaole,  A1- 
bany-st.,  Regent's-park,  Middx.,  Esq.  ; 
for  improvements  in  the  construction  of 
carriages  for  the  conveyance  of  persons, 
goods,  or  merchandise.    Aug.  6. — Feb.  6. 

190.  Thomas  Binns,  Mornington-place, 
Hampstead  road.  Middx.,  Civil-engineer  ; 
for  improvements  in  railways  and  in  the 
steam-engines  to  be  used  thereon,  and  for 
other  purposes.     Aug.  6. — Feb.  6. 

191.  Thomas  John  Puller,  Commer- 
cial-rd.,  Limehouse,  Middx.,  Civil-engi- 
neer; for  a  new  or  improved  screen  for 
intercepting  or  stopping  the  radiant  heat 
arising  from  the  boilers  and  cylinders  of 
steam-engines.     Aug.  9. — Feb.  9. 

192.  John  Burns  Smith,  Salford,  Lane, 
Spinner,  and  John  Smith,  Halifax,  York, 
Dyer ;  for  their  method  of  tentering, 
stretching,  or  keeping  out  cloth  to  its 
width,  made  either  of  cotton,  silk,  wool, 
or  any  other  fibrous  substances  by  ma- 
chinery.    Aug.  10. — Feb.  10. 

193.  Henry  Pershouse  Parkes,  Dud- 
ley, Worcester,  Iron-merchant ;  for  im- 
provements in  flat  pit-chains.  Aug.  11, — 
Feb.  11. 


194.  Joseph  Douglass,  Morpeth,  Nor- 
thumberland, Rope-maker ;  for  improve- 
ments in  the  manufacture  of  oakum.  Aug. 
11.— Feb.  11. 

195.  Edward  Light,  Royal-st.,  Lam- 
beth, Surry,  Civil-engineer ;  for  improve- 
ments in  propelling  vessels  and  other  float- 
ing bodies.     Aug.  11. — Feb.  11. 

196.  William  Newton,  Chancery-lane, 
Middx. ;  for  improvements  in  the  means 
of  producing  instantaneous  ignition.  Aug. 
11. — Feb.  11.     For.  Comm. 

197.  Robert  Allen  Hurlock,  Whad- 
don,  Camb.,  Clerk ;  for  improvements  in 
axletrees.     Aug.  11. — Oct  11. 

198.  Joshua  Butters  Bacon,  Regent's- 
sqr.,  Middx.,  Gent. ;  for  improvements  in 
the  structure  and  combination  of  certain 
apparatus  employed  in  the  generation  and 
use  of  steam,     Aug.  13.— Feb.  13. 

199.  Thomas  Gauntley,  Nott.,  Mecha- 
nic ;  for  improvements  in  machinery  for 
making  lace  and  other  fabrics,  commonly 
called  wash  machinery.  Aug.  15. — Feb.  15. 

200.  George  Leech,  Norfolk-st,,  Isling- 
t(m,  Middx,,  Carpenter ;  for  an  improved 
method  of  connecting  window-sashes  and 
shutters,  such  as  are  usually  himg  and 
balanced  by  lines  and  counterweights, 
with  the  lines  by  which  they  are  so  hung. 
Aug,  15.— Feb.  15. 

201.  William  Fothergill  Cooke,  Bel- 
layse  College,  Durham,  Esq. ;  for  improve- 
ments in  winding  up  springs  to  produce 
continuous  motion  applicable  to  various 
purposes.     Aug.  17. — Feb.  17. 

202.  Joseph  Hall,  Margaret-street, 
Cavendish-sqr.,  Middx.,  Plumber;  for 
improvements  in  the  manufacture  of  salt. 
Aug.  17.— Oct.  17. 

203.  FRAN901S  DE  Tansch,  Percy-st., 
Bedford-sqr.,  Middx.,  Military-engineer ; 
for  improvements  in  machinery  for  pro- 
pelling of  vessels,  for  raising  water,  and 
for  various  other  purposes.  Aug.  25,— 
Feb.  25, 
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THE  BRITISH  ASSOCIATION  FOR  THE  ADVANCEMENT 
OF  SCIENCE. 


THE  BRISTOL  MEETING. 

In  a  former  number  of  our  journal  mil  be  found  the  details  of  the 
proceedings  of  that  highly-interesting  meeting  which  has  recently  taken 
place  at  Bristol, — the  ^ixth  anniversary  of  the  important  Association 
above-named.  It  is  not  our  intention,  thei'cfore,  in  the  following  article, 
to  oiFer  any  regular  statement  of  those  proceedings,  but  merely  to  throw 
out  a  few  remarks  of  a  general  nature  on  the  character  and  tendency  of 
the  institution,  and  on  the  degree  of  success  with  which  it  appears  to  us 
to  have  promoted  the  grand  objects  which  it  professes  to  have  in  view 
during  its  recent  session,  as  well  as  to  comment  freely  on  what  has 
struck  us  as  defective  in  its  aiTangements.  This  latter  part  of  our  task 
(we  need  hardly  say)  is  undertaken  in  no  other  spirit  than  that  of 
the  most  sincere  good- will  towards  this  Institution;  and  with  no  other 
object  than  the  earnest  wish  to  contribute  (if  anything  we  can  suggest 
may  be  conceived  likely  to  do  so)  to  the  still  further  extension  of  its 
utility  and  efficiency; — to  the  yet  wider  diffusion  and  more  effectual 
dissemination  of  those  important  benefits  which  it  has  already  conferred, 
and  is  at  present  conferring,  on  the  science  of  this  country.  We  have 
on  more  than  one  occasion  since  the  commencement  of  our  journal  taken 
occasion  to  uphold  the  claims  of  the  British  Association,  and  to  defend 
it  against  the  attacks  of  its  enemies;  and  we  are  well  aware  it  has 
neither  few  nor  despicable  opponents  to  contend  with  But  we  feel 
assured,  that  the  mere  advantage  which  those  enemies  possess  against  it, 
and  of  which  they  are  never  slow  to  avail  themselves,  are  to  be  found, 
in  fact,  in  some  few  defects  under  which  the  constitution  of  the  Asso- 
ciation has  hitherto  laboured;  but  which,  we  feel  assured,  its  enlightened 
friends  a,nd  supporters  will  not  be  slow  to  perceive  or  to  amend. 

The  nature,  objects,  and  claims  of  the  British  Association,  are  but 
imperfectly  understood  throughout  the  country.  The  men  of  science 
assemble ;  they  prosecute  their  respective  discussions,  but  forget  that  the 
public  at  large  are  remaining  all  the  while  uninformed  as  to  the  general 
purport  and  tendency  of  the  objects  for  which  they  are  assembled.  The 
Association  does  not  explain  itself  to  the  public. 

The  town  in  which  the  meeting  is  to  be  held,  a  few  days  previous 
begins  to  assume  an  appearance  of  unusual  bustle.  Strangers  (some  of 
them,  it  must  be  confessed,  of  strange  and  uncouth  appearance)  are 
seen  in  groups  perambulating  its  pavements,  uttering  their  greetings  in 
the  market-place,  and  discussing  science  at  the  corners  of  the  streets. 
Anxious  inquiries  are  hejird  from  the  ladies, — "  Who  is  that  genius  with 
his  hair  about  his  shoulders;"  and  "  Can  you  point  out  to  me  Professor 
Such-an-one."  At  length,  on  the  Monday  morning,  work  commences :  the 
philosophers  are  all  closeted  in  their  respective  sections.  No  one  out- 
of-doors  knows  what  they  are  doing;  but  all  are  led  to  believe  that  it  is 
something  extremely  profound  and  importimt.  At  length,  (after  due 
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honour  done  to  the  ordinary,)  the  grand  epoch  of  the  evening  meeting 
arrives.  ,  The  assembly-room,  or  the  theatre,  is  crowded  with  anxious 
expectants,  all  looking  out  for  amusement  or  instruction,  as  the  case  may 
be,  for  the  gratification  of  their  curiosity,  or  the  indulgence  of  their 
risibility; — equally  prepared  to  follow  the  most  sublime  abstractions,  or 
to  be  entertained  with  whatever  amusement  philosophy  may  be  capable 
of  aifording;  but  hardly  any,  perhaps,  in  the  assembly,  having  a  distinct 
conceptioti  of  the  precise  object  jvhich  has  brought  them  together.  Nor 
do  the  proceedings,  (when,  after  due  delay,  they  commence,)  afford  much 
elucidation  on  this  head.  The  last  year's  president  resigns  the  chair 
with  a  few  words  about  honour  and  distinction,  pride  and  happiness:  the 
new  president  takes  it  with  similar  expressions  of  unworthiness  and 
incapacity,  of  zeal  and  devotion  to  the  cause  of  the  advancement  of 
science.  Abstracts  of  the  proceedings  of  the  morning  in  each  of  the 
sections  are  read  by  the  respective  chairmen,  which  are  for  the  most  part 
wholly  inaudible ;  and  when  they  are  not,  are  rendered  so  by  the  not 
unnatural  preference  given  by  the  company  to  conversation  rather  than  a 
string  of  technical  nomenclature. 

On  the  mornings  of  the  other  days,  precisely  the  same  course  is 
pursued;  and  while  some  evenings  are  left  open  to  be  filled  up  by  such 
amusements  as  chance  may  supply,  on  the  others,  the  same  general 
assembly  takes  place,  the  proceedings  being  so  far  diversified  that  some 
one  or  more  scientific  topics  are  discussed, — restricted  usually  to  those 
of  geology,  and  illustrated  by  that  species  of  eloquence  which  so  pecu- 
liarly characterizes  the  geological  school,  and  tends  to  render  its  doctrines 
so  singularly  acceptable  to  the  ladies.  At  the  concluding  meeting,  little 
more  is  done  to  the  purpose  than  at  any  of  the  preceding.  What  is 
wanting  in  philosophic  exposition  of  truth  is  amply  compensated,  and  at 
a  cheap  rate,  by  superabundance  of  flattery,  and  compliments,  (not 
always  such  as  we  should  consider  the  most  happy  or  delicately 
imagined,)  to  the  fair  sex.  Everything  is  hurry,  apology,  and  abridg- 
ment; and  the  chairman  dissolves  the  meeting  with  a  reiteration  of 
thanks  and  congratulations,  and  announcements  of  the  coming  glories 
of  the  next  anniversary. 

It  may  be  asked,  is  this  the  language  of  friends  to  the  Association? 
Is  it  the  part  of  its  admirers  and  supporters  thus  to  expose  its  weakness  ? 
We  reply  that  we  wish  to  expose  the  defects  in  the  working  of  the 
system,  because  we  are  sure  that  they  admit  of  easy  remedy,  and  that 
they  have  only  to  be  pointed  out  and  duly  commented  upon,  to  ensure 
the  adoption  of  such  remedy.  We  expose  the.  weakness  of  the  Asso- 
ciation in  these  minor  points,  because  we  are  assured  that  it  has  within 
itself  the  elements  of  gigantic  strength,  which  only  require  to  be  called 
forth  and  developed,  to  evince  its  full  efficiency  in  securing  the  great 
objects  of  its  formation. 

From  what  we  have  above  remarked,  it  will  be  obvious,  our  first 
impression  is,  as  to  the  necessity  for  a  more  systematic  course  of  public 
exposition  of  the  objects  of  the  Association.  At  the  opening  meeting 
we  would  have  the  mere  formalities  as  much  as  possible  abridged.  We 
would  look  to  the  president,  or  perhaps,  rather  to  some  one  of  the  vice- 
presidents,  for  a  luminous  and  popular  explanation  of  the  actual  objects 
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and  views  of  the  Association;  which,  as  the  meeting  is  held  every  year 
in  a  new  place,  and  a  considerable  portion  of  the  members  is  always 
new,  would  be  no  tedious  repetition,  but  a  most  important  and  instructive 
exposition. 

The  address  which  has  been  annually  drawn  up  by  the  secretary, 
reporting  the  progress  of  the  scientific  labours  of  the  Association  during 
the  past  year,  has  always  appeared  to  us  a  most  invaluable  feature  in 
the  proceedings.  This  we  are  especially  desirous  to  see  kept  up,  and 
extended,  and  improved.  We  are  not  sure,  whether,  considering  the  high 
importance  of  this  duty,  and  that  we  cannot  always  reckon  upon  having 
such  secretaries  as  some  of  those  who  have  hitherto  filled  the  office, — it 
might  not  be  a  hint  worthy  of  consideration,  for  the  council  to  be  charged 
with  the  production  of  such  a  report,  with  express  provision  for  putting 
it  into  the  hands  of  some  member  who  is  able  to  do  justice  to  it  in  the 
delivery:  a  point  of  increasing  importance,  as  the  assemblies  of  the 
Association  are  becoming  yearly  so  much  more  numerous,  and  the  places 
of  meeting  necessarily  so  large,  that  few  speakers  can  be  heard  in 
them. 

The  reports  of  the  proceedings  of  the  sections  very  properly  form 
an  integrant  and  most  essential  feature  in  the  proceedings  of  the  general 
meetings.  They  are,  in  fact,  the  connecting  links  which  now  alone 
unite  the  distinct  sections  into  the  one  great  body  of  the  Association. 
At  the  Oxford  meeting  the  general  assemblies  were  held  in  the  middle 
of  the  day ;  and  this  arrangement  rendered  manifestly  conspicuous  the 
unity  of  the  entire  meeting.  At  these  assemblies,  the  reports  on  the 
present  state  of  the  several  branches  of  science  were  read :  they  consti- 
tuted the  main  and  essential  portion  of  the  whole  to  which  the  sections 
were  but  subsidiary ;  the  main  trunk  from  which  the  sections  branched 
oiF.  This  arrangement  has  been  discontinued.  We  are  among  those 
who  deeply  regret  it,  but  we  fear  the  general  opinion  of  the  members  is 
against  us,  and  that  there  is  little  probability  of  its  being  revived. 

The  present  constitution  of  the  Association  is  rather  a  confederation 
of  distinct  and  isolated  minor  scientific  states  than  one  grand  republic  of 
philosophy,  divided  into  subordinate  districts.  This  we  regret;  but,  as 
it  is,  we  conceive  it  doubly  important  to  keep  up  in  an  effective  state 
that  which  now  forms  almost  the  sole  semblance  of  the  union ; — the 
homage  paid  by  the  sections  to  their  sovereign  body  and  parent  stock, 
even  if  it  be  little  more  than  in  form. 

But  we  have  already  observed,  this  reading  of  the  reports  is  on  all 
hands,  we  believe,  allowed  to  be  (as  at  present  conducted)  the  very 
worst  feature  in  the  arrangement  of  the  society's  proceedings.  Yet  it 
cannot  be  dispensed  with.  Indeed  it  is  extremely  important  in  all 
points  of  view,  for  the  several  sections  have  no  other  means  of  commu- 
nicating their  respective  proceedings  to  each  other;  and  the  members 
of  one  section  are  anxious  to  know  what  has  been  doing  in  another; 
which,  unless  gifted  with  ubiquity,  they  can  only  do  at  the  evening 
re-union.  The  only  plan  we  conceive  capable  of  adoption,  is  a  syste- 
matic extension  of  that  which  has  been  partially  followed  at  Bristol, 
and  at  some  previous  meetings.  In  one  or  two  instances,  eminent  indi- 
viduals, connected  with  some  of  the  sections,  have  been  called  upon  to 
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come  forward  after  the  formal  reading  of  the  abstracts,  and  give  some 
general  and  popular  account  of  any  material  and  striking  investigations 
or  discoveries  which  may  have  been  announced  at  the  section. 

Now  what  we  would  hint,  is,  that  this  should  he  done  regularly 
and  systematically  in  reference  to  all  the  sections.  With  this  view,  let 
the  formal  abstract  be  reduced  to  the  briefest  possible  limits,  and  let 
some  member  (not  on  the  hazard  of  the  moment,  but  duly  selected 
beforehand,  by  the  committee  of  the  section)  then  come  forward  with  a 
short,  luminous,  condensed  popular  sketch  of  the  most  striking  parts  of 
the  proceedings,  under  the  sanction  of  the  committee,  thus  all  invidious- 
ness  as  to  the  selection  of  topics,  and  the  estimate  of  the  merits  of  the 
investigation  would  be  done  away. 

In  immediate  connexion  with  this  last  idea,  we  further  conceive 
it  would  be  of  great  utility,  if  a  general  report  of  the  progress  made  by 
each  section  during  the  past  year,  were  regularly  prepared  some  time 
previous  to  each  meeting,  under  the  immediate  direction  of  the  sectional 
committee,  and  handed  in  to  the  secretary  of  the  meeting.  Thus  the 
details  would  be  in  a  great  degree  supplied  him  upon  which  his  annual 
report  might  be  founded ;  these  sectional  reports  might  be  printed 
entire  in  the  society's  annual  volume,  though  not  read  at  the  meetings: 
they  might,  however,  if  thought  desirable,  be  read  at  the  opening  of 
each  section,  in  the  same  manner  as  the  secretary's  general  report  is  read 
at  the  opening  of  the  general  meeting. 

There  is  one  extremely  important  point  to  which  we  wish  espe- 
cially to  direct  the  attention  of  those  interested  (and  we  hope  all  our 
readers  are  so)  in  these  meetings,  we  mean  the  exhibition  of  models, 
viachines,  and  other  objects  of  interest  and  curiosity.  The  necessity  for 
some  provision  for  this  object  has  been  felt  at  every  meeting  hitherto, 
and  we  believe  the  means  of  supplying  it  have  already  formed  the  sub- 
ject of  serious  discussion  in  the  council.  We  believe  it  is  in  contem- 
plation, at  least  we  are  assured  it  would  be  eminently  deserving  of 
consideration,  to  set  apart  some  one  large  room,  or  repository,  which 
should  be  open  during  the  whole  time  of  the  meeting  for  the  sole  pur- 
pose just  mentioned.  Into  this  exhibition  might  be  admitted  (subject 
of  course  to  the  management  of  a  special  sub-committee),  models  and 
machines,  intended  to  be  described  or  referred  to  in  communications  to 
be  given  to  the  sections;  or  such  as  display  any  novelty  of  principle  or 
improvement;  the  inventors  of  which  may  choose  to  attend  and  ofiPer 
explanations  of  them  in  the  room.  Above  all,  opportunity  would  be 
thus  afforded  to  the  ingenious  artisans  of  the  place  where  the  meeting  is 
held,  to  bring  forward  their  inventions,  who  would  thus  be  led  to  feel  an 
increased  interest  in  the  institution,  extremely  desirable  to  be  excited, 
both  for  their  own  benefit  and  that  of  the  Association.  Nothing,  we 
are  convinced,  would  tend  in  a  higher  degree  to  the  utility,  as  well  as 
popularity,  of  the  institution.  It  at  present  wants  a  connecting  link  with 
the  practical  and  working  men.  Nothing  would  tend  more  effectually 
to  supply  the  deficiency,  than  such  an  an-angement  as  that  at  which  we 
have  hinted.  It  would  besides  furnish  a  highly-agreeable  resource  to  a 
great  number  of  visiters,  who  may  be  little  disposed  to  spend  the  whole 
morning  in  the  more  dry  details  of  the  sectional  discussions.     It  would 
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afford  an  agreeable  promenade  for  the  ladies,  and  we  seriously  think  that 
everything  which  tends  to  make  the  meeting  acceptable  to  them  is  really 
a  point  of  no  slight  importance.  We  Avill  not,  however,  dilate  on  this 
particular  topic,  however  tempting,  but  we  cannot  quit  the  immediate 
subject  of  the  exhibition  of  arts  without  referring  to  the  practical  argu- 
ment in  favour  of  it,  which  we  have  lately  been  enabled  to  appreciate  in 
its  full  force,  from  attending  the  anniversary  of  the  Royal  Polytechnic 
Society  of  CornAvall,  which  (as  our  readers  are  aware)  occurred  at 
Falmouth,  shortly  after  the  Bristol  meeting.  This  year's  assemblage  was 
distinguished  by  the  presence  of  several  eminent  members  of  the  British 
Association,  and  was,  we  believe,  considered  to  have  been  an  unusually 
brilliant  and  successful  one.  Those  visiters,  "  one  and  all,"  (in  the 
Cornish  phrase,)  agreed  that  the  British  Association  could  not  follow  a 
better  model.  The  capacious  room  of  this  institution  was  filled  with 
ingenious  specimens  of  every  description  of  works  of  art,  as  well  as 
enriched  by  the  exhibition  of  some  most  important  experiments  in  the 
more  abstract  departments  of  science. 

It  is  of  course  chiefly  in  the  former  points  of  view  that  we  now 
refer  to  it.  The  display  of  mechanical  genius  (which  in  untaught  and 
native  exuberance,  singularly  abounds  in  this  portion  of  the  kingdom), 
was  not  only  in  the  highest  degree  creditable  and  instructive,  but  (what 
is  most  to  our  present  purpose)  excited,  for  two  successive  days,  the 
most  lively  interest  among  crowds,  not  only  of  the  philosophic  visiters, 
and  the  intelligent  men  of  practical  science  connected  with  the  mines, 
but  also  among  the  elegant  groups  in  which  all  the  beauty  and  fashion 
of  the  neighbourhood  displayed  itself;  and,  what  is  most  valuable  of  all, 
among  the  working  classes  of  the  community,  whose  curiosity  had  not 
entirely  abated  even  on  the  third  day  of  the  exhibition.  We  ourselves 
heard  a  ragged  urchin  in  the  street,  exult  that  he  had  got  a  holiday 
to  go  to  the  Polytechnic. 

We  have  already  adverted  to  the  importance  we  attach  to  whatever 
can  increase  the  general  popularity  of  these  meetings.  And  assuredly  one 
of  the  most  material  points  in  reference  to  this  object,  is  the  due  supply 
of  amusement  blended  with  instruction,  on  those  evenings  on  which 
there  is  no  general  meeting.  Instead  of  leaving  this  to  chance,  or  to 
the  opportunities,  however  liberally  given,  by  the  throwing  open  of 
rooms  or  institutions,  public  or  private,  we  would  greatly  prefer  seeing 
this  matter  taken  under  the  special  superintendence  of  the  Association 
itself,  and  made  a  regular  and  systematic  part  of  its  plan.  Nothing 
seems  so  well  calculated  to  effect  this  desirable  end,  as  opening  a  large 
room  solely  for  a  conversazione,  in  Avhich  the  parties  collected  might 
mingle  in  social  intercourse  or  scientific  discussion,  as  their  respective 
tastes  led  them;  and  to  this  it  would,  perhaps,  be  by  no  means  difficult 
to  append  the  delivery  of  some  popular  lectures,  perhaps  in  adjacent 
rooms,  taking  care  that  more  than  one  are  going  on  at  the  same  time,  to 
prevent  undue  crowding  to  one. 

In  thus  throwing  out  our  suggestions,  it  must  not  be  imagined 
either  that  we  speak  in  an  obtrusive  tone,  as  laying  down  the  law  to 
those  whose  proper  concern  is  the  government  and  regulation  of  the 
meetings; — nor,    on    the    other  hand,  that  we    are   promulgating  these 
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remarks  as  if  from  authority.  We  know  not  whether  these,  or  any 
similar  improvements,  are  likely  to  be  actually  adopted;  we  state  them 
merely  as  our  convictions,  derived  from  the  continued  experience  of  all 
the  previous  meetings,  and  dictated  by  the  most  sincere  good  will  towards 
the  Association,  and  the  most  ardent  wishes  for  its  prosperity.  We 
believe  it  is  on  all  hands  agreed,  that  the  Bristol  meeting  was  more 
important  and  successful  in  its  sectional  business,  than  any  of  its  pre- 
cursors :  while,  at  the  same  time,  it  was  less  so  in  its  public  sittings.  We 
understand  the  general  impression  as  to  the  only  portions  of  the  public 
proceedings,  which  were  other  than  mere  forms  (and  those  most  irregu- 
larly conducted),  was,  that  geology  usurped  the  whole  empire  of  science; 
and  jokes  (not  the  most  decent)  ruled  over  geology. 

To  take  a  single  instance  of  want  of  management,  without  invidious 
selection,  we  will  refer  to  Di-.  Daubeny's  lecture  on  mineral-waters  and 
hot  springs.  The  subject  might  be  supposed  likely  to  prove  interesting 
and  popular,  but  owing  to  the  total  unfitness  of  the  place  for  such  an 
exhibition,  the  diagrams  were  ill-seen,  and  the  details  were  lost.  Then, 
Dr.  Daubeny  having  maintained,  with  his  well-known  ability,  the  doc- 
trine of  chemical  decomposition  as  the  source  of  volcanoes,  instead  of  a 
central  heat,  he  was  opposed  with  great  vehemence  by  Professor  Sedg- 
wick, and  owing  to  the  want  of  efficient  previous  arrangement,  no  one 
else  was  called  up,  nor  were  the  general  bearings  of  the  case  at  all 
brought  before  the  audience,  who  no  doubt  thought  Dr.  D.'s  argument 
completely  set  down  by  his  opponent, — nothing  was  elicited  to  show  that 
it  is  a  subject  on  which  the  arguments  either  way  are  almost  equally 
plausible:  and  the  term  central  heat  must  be  purely  hypothetical:  sub- 
terranean heat  we  can  readily  allow,  but  not  necessarily  central. 

In  the  sections,  perhaps,  the  only  difficulty  is  that  of  inducing 
those  who  come  forward  with  communications,  to  abstain  from  length- 
ened details,  and  give  the  essence  of  their  investigations  in  a  more  con- 
densed form.  This  was  strikingly  exemplified  in  several  papers  read  in 
the  physical  and  mechanical  sections.  We  observed  the  attendance  in 
the  former  fall  oft"  greatly  after  the  first  day:  we  know  not  to  what  cause 
this  was  to  be  ascribed,  except  the  one  just  referred  to.  The  papers  on 
the  succeeding  days  were  no  way  inferior  in  interest:  but  we  believe 
complaints  of  the  length  of  detail  were  very  general. 

The  extremely  important  discoveries  of  Mr.  K.  W.  Fox,  and  of  Mr. 
Cross,  on  the  electrical,  or  galvanic,  action,  continually  at  work  in  the 
interior  of  the  earth,  by  means  of  which  these  gentlemen  have  sho\\Ti,  by 
actual  experiment,  the  deposition  of  metallic  veins,  and  the  formation  of 
crystals  can  be  effected,  were  most  properly  brought  before  the  society  at 
a  general  meeting :  but  why  then  were  not  discoveries  in  other  branches 
of  science  similarly  stated  ?  that  is  to  say,  why  was  not  provision  made 
for  their  being  so  stated?  The  valuable  advances  made  in  electricity  by 
Mr.  Snow  Harris,  would  equally  claim  to  be  commented  upon;  as  well 
as  the  extension  of  the  undulatory  theory  of  light  by  Professor  Maccul- 
lagh;  the  motion  of  waves,  by  Mr.  Russell;  and  several  other  important 
investigations  which  we  could  name.  A  fair  and  equal  share  of' atten- 
tion to  each  branch  of  science,  and  a  selection  of  fit  and  able  expositors 
of  each  (we  have  before  observed),  will,  we  trust,  be  a  leading  point  of 
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attention  in  the  regulation  of  future  general  meetings.  But  the  preva- 
lent disposition  seems  to  be  very  much  in  favour  of  abridging  the  pro- 
ceedings of  the  general  meetings,  and  we  conceive  no  other  way  will  be 
found  at  once  more  effectual  to  this  end,  and  more  conducive  to  the  one 
just  named,  than  a  due  arrangement  for  condensed  statements  of  the 
most  prominent  results  in  each  branch,  from  those  best  skilled  in  that 
branch,  and  best  able  to  communicate  their  knowledge. 

Upon  the  whole,  Ave  think  it  Avill  be  apparent,  from  what  we  have 
advanced,  that  our  good  wishes  for  the  increasing  efficiency  of  the  British 
Association  lead  us  to  insist  mainly  on  this  general  principle,  the  union 
of  all  branches,  the  centralization  (to  use  a  term  of  the  times)  of  the 
departments,  the  public  exposition  of  the  leading  discoveries,  and  the 
sectional  discussion  of  the  more  abstruse  principles,  united  into  a  more 
systematic  combination.  Add  to  this  the  admirable  plan  of  an  exhi- 
bition of  the  mechanical  arts,  and  the  opening  of  a  regular  conversazione, 
and  we  think,  with  these  improvements,  the  Liverpool  meeting  will  far 
outstep  the  advances  of  former  sessions. 
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No.  V. 

Gases. 

When  speaking  of  "  Chemical  Affinity,"  at  page  41,  it  was  my  object 
to  show  that  a  great  many  very  beautiful  and  instructive  experiments 
could  be  made  with  the  common  acids,  alkalies,  metals,  salts,  &c. ;  that  a 
little  caution  was  necessary  in  experimenting,  but  no  very  peculiar  or 
particular  management.  By  this  I  mean  that  the  "  chemicals"  already 
spoken  of  are  all  tangible  bodies,  either  fluid  or  solid;  for  instance,  a 
certain  quantity  of  sulphuric  acid  can  be  poured  from  a  bottle  into  a 
glass,  with  as  much  facility  as  wine  or  water;  and  a  piece  of  potassa, 
silver,  or  pearlash,  can  be  weighed  with  as  much  facility  as  lea,  coffee, 
or  sugar.  But  there  are  a  number  of  "  chemicals"  which  are  not  such 
gross  and  tangible  forms  of  matter.  Many  of  these  are  perfectly  invisible, 
of  highly-attenuated  and  elastic  natures:  they  cannot  be  cotT/ined,^ 
measured,  or  weighed,  by  ordinary  processes.  Yet  the  skill  of  the 
chemist  has  invented  methods  of  operating  upon  them  with  as  much 
ease  and  certainty  as  upon  grosser  forms  of  matter;  and  it  is  found  that 
they  are  bodies  as  perfectly  material  and  ponderable  as  any  fluids  or 
solids,  although  they  are  of  an  aeriform  or  gaseous  nature. 

The  department  of  science  relating  to  manipulations  with  gaseous 
bodies  is  called  Pneumatic  Chemistry.  The  celebrated  Dr.  Hales  was 
its  founder,  and  the  yet  more  celebrated  Dr.  Priestley  its  greatest  im- 
prover; indeed,  so  indefatigable  and  ingenious  was  he  in  experiments 
and  contrivances,  that  little  room  was  left  for  any  improvement  upon  his 
pneumatic  apparatus;  and  as  it  appears  in  our  laboratories  at  the  present 
day,  "  we  may  consider  it  as  almost  entirely  of  Dr.  Priestley's  invention." 
With  the  gases,  then,  we  have  now  to  experiment;  and  here  the  young 
chemist  must  be  entirely  dependent  upon  his  own  skill  and   neatness 
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of  operating.  It  is  true  that  gases  can  be  bought,  for  in  a  "  Catalogue 
of  Chemicals"  noAv  before  me,  oxygen  and  hydrogen  gases  are  arranged 
in  "  close  column"  Avith  the  grosser  forms  of  matter,  and  respectively 
ticketted  at  "  sixpence  per  gallon."  But  he  who  would  go  to  a  shop  for  a 
gallon  of  "  ready-made"  gas,  is  a  philosophical  gentleman  and  not  a  che- 
mist— there  is  a  wide  distinction  to  be  drawn  between  these  two  per- 
sonages. The  one  is  struck  with  the  splendour  of  apparatus,  captivated 
with  the  neatness  of  a  case  of  bojttles,  and  enchanted  with  the  idea  of 
buying  a  gallon  of  ready-made  gas,  to  save  all  dirt  and  trouble.  The 
other  cares  none  for  splendour,  and  only  for  neatness,  so  much  as  is 
absolutely  requisite  for  accuracy.  He  laughs  at  dirt,  and  trouble,  and 
ready-made  gas;  and  when  he  requires  a  gallon  of  oxygen,  he  fetches 
his  own  coals,  lights  his  own  furnace-fire,  arranges  his  own  apparatus, 
and  feels  a  philosophic  pleasure  in  watching  the  progress  of  the  bubbling 
element. 

As  a  knowledge  of  the  preparation  and  properties  of  oxygen  gas  is 
of  the  first  interest  and  importance  to  the  juvenile  student,  I  shall  now 
endeavour  to  put  him  in  possession  of  the  mode  of  operating  with  this 
invisible  gaseous  body:  perhaps  my  details  may  appear  too  minute,  but 
remember  the  motto, — "  II  faut  savoir  manipider." 

First  then,  as  regards  the  apparatus  necessary  for  the  research. 
Considerable  heat  is  requisite  for  the  production  of  oxygen.  Glass 
retorts  "  will  not  stand  the  fire,"  and  iron  ones  of  the  common  form  are 
but  very  rarely  met  with.  The  following  contrivance  may  be  resorted  to, 
and  it  will  prove  a  useful  and  scrAdceable  apparatus  in  many  operations. 

Have  an  iron  gun-barrel,  or  Avhat  is  even  better,  a  piece  of  wrought- 
iron  gas-tube,  rather  more  than  an  inch  in  the  bore,  welded  up  close  at 
one  end:  the  smith  can  soon  do  this.  If  a  gun-barrel,  the  breech  and 
touch-hole  must  be  the'closed  end:  from  2  feet  to  2  feet  6  inches  will  be 
^uite  long  enough.  This  forms  a  sort  of  retort  which  is  to  contain  the 
material  for  evolving  oxygen. 

This  material  is  very  abundant,  and  very  well  known  as  black  oxide 
of  manganese,  or  sometimes  it  is  simply  called  manganese:  four  or  five 
pounds  will  be  required.  It  is  a  black  powder,  sometimes  very  coarse, 
and  sometimes  very  fine;  if  the  latter,  it  is  apt  to  be  damp,  for  it  is 
hygrometric  to  a  considerable  extent,  and  requires  to  be  perfectly  dried 
before  use.  This  is  easily  effected  by  spreading  it  on  the  hot  hob  of  the 
grate,  or  heating  it  gently  on  a  shovel  held  over  the  fire.  If  a  small 
pane  of  cold  Avindow-glass  be  now  held  over  it  you  will  find  the  glass 
instantly  dimmed  on  its  lower  surface,  in  consequence  of  the  vapour  of 
the  water  or  steam  rising  from  the  manganese,  and  being  condensed  by 
the  cold  surface  of  the  glass:  stir  the  manganese  with  an  iron-Avire,  so 
that  all  parts  of  it  may  get  their  full  share  of  heat;  test  for  Avater  every 
now  and  then  Avith  the  glass  plate,  and  Avhen  it  remains  bright  and  clear 
you  may  be  sure  that  the  manganese  is  properly  dried  and  fit  to  be 
removed  from  the  fire.  SAA^eep  it  from  the  hob,  or  pour  it  from  the 
shovel  on  to  a  plate  of  tin  slightly  bent  in  the  middle,  as  thus  ^^^^v^...^^ 
Avhich  is  a  convenient  form  for  pouring  the  powder  into  the  iron  tube, 
this  must  be  done  until  it  is  about  half,  or  rather  less  than  half  full. 


A   POPULAR   COURSE   OF   CHEMISTRY.  185 

The  manganese  must  be  poured  in  lightly  and  not  rammed  down, 
and  its  quantity  in  the  tube  can  be  easily  ascertained  by  a  cane  or  stick 
thrust  down  from  time  to  time.  Having  proceeded  thus  far,  the  next 
step  is  to  fit  a  good  sound  cork  to  the  end  of  the  tube:  a  hole  is  re- 
quired through  the  cork,  which  is  very  easily  and  neatly  made,  first 
with  a  brad-awl,  and  then  enlarged  with  a  "  rat-tail  file,"  until  the  end 
of  a  half-inch  pewter  pipe,  about  2  feet  long  fits  tightly  into  it.  A  strip 
of  bladder,  well  soaked  in  water  until  it  is  quite  soft  and  gelatinous, 
must  now  be  put  round  the  iron  tube,  near  the  cork,  and  neatly  and 
smoothly  made  to  surround  the  cork,  and  part  of  the  pewter  tube:  bind 
it  round  with  string,  and  thus  a  capital  gas-tight  joint  is  effected;  and 
the  next  thing  to  be  done,  is  to  bend  the  pewter  tube.     Suppose  the 

broad  line  between  these  parentheses  (^ }  to  represent  the 

iron,  and  the  narrow  line  the  pewter  tube.     The  latter  must  be  bent  so 

as  to  form  this  figure  (  ]    r    )•    "^^^  object  of  doing  this  will 

appear  presently;  and  now  the  apparatus  for  evolving  oxygen  gas  is 
complete:  the  apparatus  for  coUectitig  it  remains  to  be  described. 
This  is  very  simple  and  unexpensive.  A  tub,  pan,  or  trough  of  wood 
or  metal,  about  the  size  and  shape  of  a  "  foot-pan,"  (and,  indeed,  those 
neat  japanned  "  foot-pans"  now  in  fashion,  are  excellent  for  the  purpose,) 
must  have  a  tin  or  wooden  shelf,  about  6  inches  wide  fixed  right  across 
it  at  one  end,  about  2  inches  doAvn  from  the  top  of  the  tub  or  pan,  and 
in  this  shelf  must  be  a  hole  f  of  an  inch  in  diameter:  this  constitutes 
the  pneumatic  trough,  which  is  to  be  filled  with  water,  so  that  the  shelf 
may  be  an  inch  beneath  its  surface.  The  next  thing  will  be  to  provide 
some  pint  or  quart  wide-mouthed  glass  bottles,  with  ground-glass  stop- 
pers, which  are  to  be  lightly  smeared  on  the  ground  parts  with  pomatum 
or  tallow:  this  is  best  done  by  wiping  the  neck  and  the  stopper  both 
perfectly  dry;  and  then  taking  a  bit  of  pomatum  or  tallow  on  the  point 
of  the  finger,  and  applying  it  to  the  stopper,  which  if  then  put  in  its 
place,  and  turned  gently  round  once  or  twice,  will  distribute  the  grease 
around  the  neck  of  the  bottle:  this  is  another  gas-tight  joint,  and  now 
we  are  all  ready  to  begin  work. 

The  end  of  the  iron  tube  containing  the  manganese  is  to  be  thrust 
horizontally  between  the  bars'  of  the  fire-grate,  so  that  the  pewter  tube 
hangs  down,  as  thus  ("     '■«■■>»      i      ).     In    a  few  minutes,  perhaps,  a 

steamy  smoke  will  issue  from  the  pewter  tube:  this  is  due  to  a  little 
more  water  expelled  from  the  manganese  by  the  higher  degree  of  heat 
to  which  it  is  now  exposed. 

If  the  manganese  was  not  dried  at  the  outset  of  the  experiment, 
much  more  steam  would,  of  course,  issue;  and  another  thing  is  very 
likely  to  happen,  which  is  this: — 

Supposing  the  manganese  damp,  and  the  iron  tube  containing  it 
set  in  the  fire,  sloping  slightly  upwards,  the  steam  would  condense  into 
drops  of  water  at  the  other  end,  which  is  yet  cold:  and  if  several  of 
these  coalesce  into  one  large  drop,  this  would  trickle  down  the  tube,  and 
meeting  with  the  iron  and  manganese,  both  very  hot,  the  drop  of  water 
would  be  suddenly  and  instantaneously  converted  into  steam  of  such 
force  as  to  blow  out  the  cork,  and  all  the  contents  of  the  bottle. 
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This  accident  is  not  uncommon  with  juvenile  operators,  and  it  has 
more  than  once  befallen  the  experienced  chemist,  before  he  was  aware 
of  its  cause.  Dr.  Faraday  nearly  lost  his  sight  on  two  occasions  by  the 
hot  manganese  being  thus  driven  into  his  face;  and  these  accidents 
induced  Mr.  Griffiths  to  investigate  the  hygrometric  powers  of  manganese 
and  other  solid  bodies;  an  account  of  which  will  be  found  in  the 
Journal  of  the  Royal  Institution;  but  by  drying  the  manganese  the  acci- 
dent is  wholly  avoided. 

The  steamy  smoke  just  spoken  of  will  soon  cease,  and  then  is  the 
time  to  set  about  detecting  the  presence  of  oxygen  gas.  Light  a  paper 
"  allumette,"  and  hold  it  at  the  end  of  the  pewter  pipe;  you  will  find 
the  flame  become  very  brilliant:  this  is  one  test  of  the  presence  of 
oxygen.  Blow  oui  the  flame,  and  apply  the  glowing  paper-cinder  to 
the  pipe:  it  is  instantly  rekindled.  This  is  another  test^  and  shows  that 
some  peculiar  gaseous  matter  is  now  evolving  and  escaping :  this  has  to 
be  collected. 

Bring  forAvard  the  pneumatic  trough.,  and  place  it  so  that  the  bent 
pipe  dips  below  the  stirface  of  the  water;  and  the  instant  that  this  is 
done,  a  bubbling  of  the  gas  takes  place  through  the  water:  shift  the 
trough^  so  that  the  tube  may  be  exactly  under  the  hole  in  its  shelf;  the  gas 
now  begins  to  come  over  more  plentifully,  for  the  retort  is  getting  hotter. 

In  order  to  collect  it,  fill  one  of  the  bottles  completely  full  of  water 
in  the  trough,  and  then  turn  its  mouth  dotvnwards,  and  raise  up  the 
bottle  gently  and  carefully  until  its  mouth  rests  on  the  shelf;  slide  it 
carefully  along.  No  water  can  run  out  of  the  bottle,  because  atmospheric 
pressure  keeps  it  in;  but  as  soon  as  you  slide  the  mouth  over  the  hole, 
you  will  find  the  bubbles  of  gas  rise  rapidly  into  the  bottle,  displacing 
the  water.  Why  does  the  gas  thus  rise  through  the  water  and  collect  in 
the  bottle?  For  the  very  same  reason  that  a  cork  rises  through  water, 
because  it  is  lighter  than  water.  If  you  fill  another  bottle  with  water, 
keeping  its  mouth  below  the  surface,  you  may  fill  the  bottle  full  of 
phial-corks,  by  putting  them  one  by  one  under  water,  so  as  to  rise  into 
the  bottle;  each  cork  represents  a  bubble  of  gas. 

Now,  when  the  bottle  is  quite  full  of  oxygen  gas,  you  must  slide  it 
gently  ofi"  the  shelf,  with  one  hand,  into  deep  water,  and  with  the  other 
put  in  the  stopper,  giving  it  a  slight  twist,  and  then  you  may  take  out  the 
bottle,  yi///  of  gas,  and  place  it  aside  in  any  position;  the  gas  is  safely 
collected  and  confined,  but  being  invisible,  any  person  would  call  the 
bottle  empty. 

Two  or  three  bottles  may  be  thus  filled  and  removed  in  succession; 
at  length,  however,  all  evolution  of  gas  ceases,  and  then  the  trough  must 
be  removed,  and  the  pewter  pipe  bent  as  thus  ("""""""""^N.       )>  ^^ 

order  to  let  any  water  drain  out  of  it;  lay  hold  of  the  iron  retort,  near  the 
pewter  pipe,  with  a  double  worsted  glove,  draw  it  from  the  fire,  lay  it 
on  the  hob  of  the  grate,  letting  the  pewter  pipe  hang  down; — now,  if 
you  attempted  to  draw  out  the  retort  without  bending  down  the  pewter 
pipe,  the  chances  are,  that  you  might  accidentally  turn  it  round  in  the 
hands,  so  as  to  allow  the  water  contained  in  the  angle  of  the  pipe,  to 
run  into  the  red-hot  retort,  and  of  course  you  would  have  an  explosion; 
but  bend  it  down  as  I  have  directed,  let  it  drain  awhilQ,  and  all  is  safe. 
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I  have  said  that  any  person  would  think  that  your  bottles  /«//  of 
gas  were  all  empty  bottles,  and  perhaps  might  open  them,  and  thus 
destroy  your  labour  by  permitting  the  gas  to  escape.  To  prevent  this, 
as  w^ell  as  to  guard  against  any  accidental  expansion  of  the  gas  forcing 
out  the  stopper,  it  is  as  well  to  tie  them  over  with  a  bit  of  cloth  or 
calico;  and  the  gas  may  thus  be  kept  for  many  months,  in  a  cool 
situation. 

But  supposing  one  of  the  bottles  holds  a  quart  of  gas,  and  you 
should  like  to  fill  a  smaller  bottle  from  it,  how  is  this  to  be  done? 
Certainly  not  by  the  common  mode  of  pouring,  as  with  wine  or  water; 
at  least,  it  M^ould  require  more  practical  skill  than  you  have  yet  attained; 
but  there  is  a  very  simple  and  easy  method  of  doing  it,  as  follows. 

Fill  the  smaller  bottle  quite  full  of  water  in  the  trough^  and  slide  it 
on  the  shelf  as  before;  now  take  the  large  bottle,  and  plunging  its  neck 
quite  below  the  water,  withdraw  the  stopper. 

Suppose  these  lines  to  represent  the  trough  and  the  bottles:  B  is 
the  large,  and  b  the  small  bottle,  the  faint  line  is  the  level  of  the  water, 
the  dark  lines  the  section  of  the  trough;  with  one  hand  slide  the  small 
bottle  nearly  off  the  shelf  and  with  the  other  incline  the  large  bottle 
into  this  position,  beneath  its  mouth:  the  consequence  will  be,  that  the 
gas  from  b  will  bubble  up  through  the  Avater,  and  fill  b  to  any  extent 
that  you  please, — say  quite  full, — it  is  then  to  be  slid  on  to  the  shelf,  b 
restored  to  the  perpendicular,  with  the  mouth  still  under  water  remember. 


the  stopper  replaced,  and  then  remove  the  bottle  from  the  trough.  Now 
you  have  to  attend  to  b;  slide  it  off  the  shelf  into  deep  Water,  and  put 
in  its  stopper  as  before;  and  thus  by  inverted  pouriyig,  if  the  expression 
may  be  permitted,  an  invisible  gas  is  transferred  from  one  vessel  to 
another. 

It  must  be  obvious  to  you  that  as  much  water  enters  b  as  6  con- 
tained ;  and  therefore  a  corresponding  quantity,  or  bulk,  of  gas  from  b 
has  entered  b.  In  order  to  gain  dexterity  in  gaseous  manipulation,  it  is 
a  very  good  plan  to  practise  transferring  common  air  from  one  bottle 
to  another;  for  perhaps  at  first  you  may  waste  a  good  deal  of  gas. 

Bottles  and  jars  unprovided  with  stoppers  may  be  filled  with  gas 
in  the  way  that  has  been  described,  and  when  these  are  to  be  taken 
from  the  trough,  it  is  easily  done  by  sliding  them  into  deep  water, 
placing  a  saucer  beneath  their  mouths,  and  thus  removing  them,  standing 
in  the  saucer,  the  water  remaining  in  which  effectually  prevents  the 
escape  of  the  gas,  and  is  called  a  water-lute.  If  it  is  desired  to  transfer 
the  gas  from  one  of  these  jars  at  any  future  time,  it  must  be  brought  to 
the  trough,  sunk  a  little  below  the  surface,  and  then,  upon  removing  the 
saucer,  the  jar  of  gas  may  be  operated  upon  at  will. 

For  the  experiments  about  to  be  mentioned  with  oxygen,  stoppered 
bottles  are  the  most  convenient. 


188  A    POPULAR    COURSE    OF    CHEMISTRY. 

The  first  and  most  remarkable  property  of  oxygen,  is  its  power  of 
supporting  combustion  in  a  far  more  energetic  manner  than  common  air. 
This  was  hinted  at  above,  when  directing  you  how  to  test  for  its  presence; 
but  now  that  a  considerable  quantity  of  the  gas  has  been  collected,  this 
fact  can  be  shown  in  a  still  more  remarkable  degree. 

Stick  a  bit  of  green  wax-taper  at  the  short  end  of  a  wire  bent  like 
this  J,  light  it,  open  one  of  the  bottles  of  oxygen  in  the  usual  way, 

that  is  to  say,  as  it  stands  on  the^table,  and  quickb,-  plunge  the  taper 
into  it;  the  flame  is  greatly  enlarged,  and  the  light  is  most  brilliant; 
draw  it  out,  puff  out  the  flame,  and  again  dip  in  the  glowing  wick;  it  is 
rekindled  with  a  sharp  pop  or  explosion.  There  is  no  fear  of  oxygen 
escaping  whilst  you  do  this,  for  its  weight  is  greater  than  that  of  air, 
and  therefore  it  remains  in  the  bottle  when  opened,  because  the  lighter 
air  cannot  descend  and  force  it  out;  just  the  same  as  water,  which  is 
heavier  than  air,  remains  in  a  glass. 

I  cannot  enter  into  the  details  about  ascertaining  the  weight  of 
oxygen;  but  perhaps  the  following  example  will  render  the  matter 
intelligible.  Supposing  that  I  have  a  glass  vessel,  exhausted,  or  devoid 
of  air;  that  I  take  the  tare  of  it,  and  then  allow  air  to  rush  in  and  Jill  it; 
upon  weighing  again,  I  find  that  it  has  increased  in  weight  1000  parts. 
This,  therefore,  is  the  weight  of  air  which  the  vessel  can  contain.  I 
now  remove  the  air,  leaving  the  vessel  as  empty  as  before,  and  then 
allow  oxygen  to  rush  in  and  j^ll  it:  upon  weighing  again,  I  find  that  it 
has  increased  in  weight  1111  parts.  This,  therefore,  is  the  weight  of  a 
bulk  of  oxygen  equal  to  the  former  biilk  of  air;  the  bulks  are  similar^  the 
tveights  are  dijferent. 

Oxygen  is  heavier  than  air,  or,  as  chemists  express  it,  thus:  calling 
air  the  standard  of  unity,  or  ;=  1*000,  the  specific  gravity  of  oo'j/gera,  in 
comparison  with  it,  is  =  1*1 11.  Now  this  little  difference  in  weight  is 
amply  sufficient  to  cause  it  to  remain  in  the  bottle  for  some  little  time 
after  the  stopper  is  removed:  it  is  true  that  it  will  escape  out  of  the 
bottle  in  time;  but  this  is  not  on  account  of  the  light  air  descending  and 
forcing  it  out,  but  from  a  singular  tendency  which  gaseous  or  aeriform 
bodies  have  to  mix  with  each  other,  independent  of  all  reference  to  their 
relative  Aveights  or  specific  gravities;  a  case  somewhat  analogous  to  that 
of  the  mixture  of  spirit  and  water,  mentioned  in  the  paper  on  Chemical 
Affinity*. 

Although  air  cannot  fall  through  oxygen,  yet  oxygen  can  fall 
through  air,  as  may  be  proved  by  invertiiig  a  bottle  of  the  gas,  and 
removing  the  stopper.  After  the  lapse  of  a  minute,  if  you  put  a  lighted 
taper  into  the  bottle,  it  will  burn  with  its  usual  flame.  If  the  air  of 
the  room  is  very  calm,  and  you  take  a  wide-mouthed  bottle  of  air,  and 
set  it  on  the  table,  you  may  perhaps  succeed  in  pouring  it  full  of  oxygen 
from  one  of  the  bottles  that  has  been  collected.  A  lighted  taper  will 
soon  show  whether  you  have  succeeded,  for  it  will  bum  with  brilliancy  in 
the  bottle  that  just  now  contained  the  air,  but  mth  its  usual  flame  in 
the  other  from  which  the  oxygen  has  poured. 

I  shall  hereafter  adduce  some  very  remarkable  experiments  of  this 
nature  with  other  gases. 

*  See  Magazine  of  Popular  Science,  vol.  ii.,  p.  41. 
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Oxygen  gas  is  without  taste  or  smell :  it  has  no  action  on  vegetable 
colours.  Put  a  bit  oi  litmus  and  a  bit  of  turmeric  paper*  into  the  gas; 
neither  of  these  tests  are  affected,  and  therefore  oxygen  is  neither  acid 
nor  alkaline  J  and  yet  the  name  would  lead  you  to  imagine  that  it  pos- 
sessed some  relation  to  acids.     Let  us  see  how  this  can  be  made  out. 

Take  a  little  bit  of  ■phosphorus,  about  the  size  of  a  small  peaf, 
wash  it  in  some  clean  water,  and  then  place  it  on  a  bit  of  litmus-paper, 
it  shows  no  signs  of  acidity,  now  quickly  and  cautiously  wipe  it  dry,  and 
place  it  in  a  small  ladle,  called  a  "  deflagrating  spoon,"  the  wire  of  which 
is  thrust  through  a  cork,  or  "  shive,"  large  enough  to  cover,  but  not  to 
fit  the  neck  of  a  bottle  of  oxygen,  the  part  of  the  cork  next  the  rim  of  the 
bottle  should  have  a  circular  flat  disc  of  tin-plate  upon  its  surface,  for 
this  is  a  combustible  experiment,  and  the  flame  of  the  phosphoriis  would 
soon  set  fire  to  the  uprotected  cork,  and,  perchance,  break  ihe  bottle ; 
the  disc  of  tin  acts  as  a  screen,  and  prevents  this  taking  place. 

Having  arranged  this  matter,  and  by  sliding  the  wire  through  the 
cork,  adjusted  it  so  that  the  spoon  may  hang  about  half-way  into  the  bottle, 
which  you  can  guess  at  by  outside  measurement;  the  bottle  is  to  be 
placed  on  the  table,  its  stopper  loosened  with  one  hand,  whilst  the  other 
holds  the  spoon  over  the  flame  of  a  candle,  until  the  phosphorus  first 
burns.  The  stopper  is  then  to  be  withdrawn,  and  the  spoon  with  the 
burning  phosphorus,  quickly,  yet  steadily,  plunged  into  the  gas. 

A  most  splendid  combustion  instantly  takes  place,  intense  heat  and 
light  are  evolved,  in  consequence  of  the  mutual  affinity  which  the  bodies 
have  for  each  other,  and  when  the  combustion  is  over,  you  will  find  the 
bottle  filled  with  dense  white  fumes;  remove  the  spoon,  pour  in  a  little 
water,  close  the  bottle  lightly  with  a  cork,  and  leave  it  at  rest  for  a  few 
minutes.  You  must  not  close  the  bottle  with  its  own  stopper,  because, 
during  the  combustion,  the  contents  of  the  bottle  are  rarefied  and 
expanded  by  the  heat,  and  if  the  ground  stopper  was  directly  put  in, 
as  the  bottle  cooled,  the  pressure  of  the  atmosphere  would  fix  the 
stopper  so  firmly  in  its  place,  that  it  is  a  chance  whether  you  would 
ever  be  able  to  move  it  again.  This  should  be  remembered  in  all 
analogous  experiments,  for  many  a  valuable  bottle  is  thus  rendered 
useless,  or  perhaps  broken,  by  attempts  at  forcing  out  the  stopper. 

Now  put  a  bit  of  litmus  paper  into  the  bottle;  its  blue  colour  is  in- 
tensely reddened;  here  then  you  have  an  instance  of  chemical  affinity, 
producing  an  acid,  viz.,  the  phosphoric  acid. 

Sulphur,  carbon,  and  several  other  simple  substances,  mil  burn  with 
considerable  splendour  in  oxygen,  and  produce  acid  co7npou?ids.  So  general, 
indeed,  was  the  acid  result,  that  oxygen  was  at  one  time  adopted  as  the 
universal  acidifying  principle,  and  hence  the  derivation  of  its  name.  We 
now,  however,  know  that  it  is  equally  active  in  producing  alkalies 
(which  are  diametrically  opposed  to  acids),  and  also  bodies,  having 
neither  acid  nor  alkaline  properties,  viz.  metallic  oxides;  black  oxide  of 
manganese,  for  example. 

Place  a  small  globule  of  potassium  in  a  deflagrating-spoon,  heat  it 

*  ^ee  Mag.  Pop.  Science,  ii.,  47.  I  of  the   fingers  will  often  kindle  it;  and, 

■\  It  is  very  combustible,  and  must  be     therefore,  you  must  keep  it  under  water 
handled  with  great  caution,  for  the  heat  |  until  the  moment  that  you  want  it. 
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over  a  spirit-lamp,  until  it  begins  to  burn*,  and  then  plunge  it  into 
oxygen,  a  vivid  combustion  ensues ;  Avash  out  the  spoon  with  a  little 
water,  dip  in  a  bit  of  tin-meric-paper,  the  yellow  is  instantly  changed  to 
brown,  indicating  the  formation  of  the  alkali  polassa,  or  the  alkaline 
oxide  of  potassium. 

If  you  take  out  the  manganese  from  the  retort,  insert  a  fresh  charge, 
and  proceed  to  evolve  oxygen  again;  another  experiment  can  be  made, 
which  is  highly  instructive  :  take  a  large  bladder,  soak  it  well  in  water, 
tie  on  to  its  neck  a  common  gas  stop-cock  that  will  fit  the  end  of  the 
pewter  pipe,  and  as  soon  as  oxygen  comes  ofi",  squeeze  the  bladder,  so 
that  no  air  remains  in  it,  then  fix  it  on  to  the  pipe  with  the  cock  open. 
If  the  cock  does  not  screw  on,  you  can  make  it  do  so,  by  putting  some 
paper  between;  but  it  is  much  better  to  fit  it  with  paper  so  as  to  slide 
on,  because  Avhen  the  bladder  is  full  of  gas  you  can  instantly  remove 
it  by  sliding  the  cock  oif  the  pipe — screwing  it  off  is  not  so  handy. 
When  the  bladder  is  full  of  gas,  shut  the  cock,  and  quickly  remove  it 
from  the  end  of  the  pipe. 

Another  bladder  may  be  filled  in  like  manner: — to  the  stop-cock  of 
the  first,  fix  on  a  plain  brass  blowpipe  (which  can  be  easily  procured  at 
the  ironmongers'),  and  make  the  joints  tight  with  slips  of  wetted  bladder 
as  before  directed. 

Now  take  a  piece  of  charcoal,  about  six  inches  long  and  an  inch  in 
diameter,  make  a  small  cavity  in  it  with  the  point  of  a  knife,  big  enough 
to  hold  half  a  pea,  put  a  bit  of  lighted  amadou  in  this,  and  by  opening 
the  cock,  and  gently  compressing  the  bladder,  force  a  stream  of  oxygen 
slowly  from  the  beak  of  the  blow-pipe  upon  the  tinder,  this  will  soon 
heat  the  cavity  of  the  charcoal  red-hot ;  and  when  this  happens, 
instantly  drop  in  a  bit  of  steel,  broken  from  the  end  of  a  file,  or  a  cast- 
iron  "  sparable"  will  do : — urge  on  the  gas,  an  intense  heat  results,  the 
metal  melts,  and  presently  burns  with  the  emission  of  a  shower  of 
brilliant  sparks,  exactly  like  the  celebrated  fire-work,  called  a  gerbe; 
when  these  cease,  shut  off  the  gas,  let  the  globule  cool,  and  then  examine 
it:  you  will  find  it  very  brittle  and  easily  reduced  to  powder.  Try  it 
with  the  test-papers.  It  is  neither  acid  nor  alkaline,  it  is  a  neutral 
metallic  oxide  of'  iron. 

Now  these  three  experiments  are  very  instructive  ones,  they  show 
you  intense  chemical  affinity  existing  between  bodies  of  the  most  opposite 
natures,  they  show  you  oxygen,  forming  an  acid,  an  alkali,  and  an  oxide, 
all  again  new  and  distinct  substances;  they  also  show  you  how  ener- 
getically oxygen  supports  combustion,  and  about  the  time  that  oxygen 
was  adopted  as  the  "  universal  acidifying  principle,"  it  was  also  adopted 
as  the  "  universal  supporter  of  combustion."  This  was  another  grand 
error,  for  we  now  know  that  there  are  instances  of  combustion  in  which 
no  oxygen,  or  compound  of  oxygen,  is  present,  and  of  others  in  which  its 
presence  so  far  from  inducing,  acivLaWj  prevents  combustion;  but  it  takes 


•  The  potassium  must  be  wiped  free 
from  the  naphtha  in  which  it  is  usually 
kept,  and  when  you  hold  it  over  the  spirit- 
lamp,  very  likely  you  will  see  a  flame  like 
coal-gas  quickly  rise  from  the  globule,  this 


is  the  naphtha  burning  off ;  and  you  must 
not  plunge  it  into  the  gas  until  a  purple 
flame  appears  ;  that  is,  the  flame  of  potas- 
sium. 
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place  the  moment  tliat  oxygen  is  ivithdraw7i.  At  the  time  of  the  dis- 
covery of  oxygen  (1774),  philosophers  had  hardly  shaken  off  the  tram- 
mels of  alchymy,  and  it  was  the  fashion  to  draw  sweeping  and  general 
conclusions  from  a  few  experiments ;  at  the  present  day,  our  operations 
and  reasonings  are  conducted  with  more  refinement  and  precision; 
hypotheses  and  theories  are  carefully  examined  hefore  they  are  so 
generally  adopted  as  heretofore.  Philosophers  now  endeavour  to  act  up 
to  the  Baconian  precept,  which  says,  "  Conclusions  are,  in  all  cases,  to 
be  drawn  after  the  comparison  of  a  sufficient  number  of  facts,  with  a  due 
regard  to  objections." 

Oxygen  is  an  elementary  substance,  permanently  gaseous  at  all 
known  temperatures  and  pressures:  it  is  most  abundantly  distributed 
throughout  the  three  kingdoms  of  nature,  but  always  in  combinaliofi 
with  other  elementary  substances;  it  has  never  yet  been  found  in  a,  free 
or  uncombined  state. 

The  black  oxide  of  matiganese  is  the  metal  mattganese  saturated 
with  oxygen,  and  therefore  a  jjeroxide,  (see  vol.  i.,  p.  298,)  consisting 
of  manganese  28+  oxygefi  16  =  44;  when  this  is  heated  red-hot,  the 
affinity  between  the  two  substances  is  weakened  to  some  extent.  Part 
of  the  oxygen  escapes  in  the  free  gaseous  form,  leaving  a  sesquioxide  of 
a  brownish  colour,  consisting  of  manganese  28  4-  oxygen  1 2  =  40  sesqtii- 
oxide  of  manganese ;  and  in  this  compound  the  affinity  between  the 
two  substances  is  so  strongly  exerted,  that  heat  alone  cannot  overcome 
it,  therefore  no  more  oxygen  can  be  extracted  from  the  sesquioxide. 
This,  however,  must  not  induce  you  to  throw  it  away  as  useless ;  it 
should  be  preserved  for  some  experiments  hereafter  to  be  mentioned. 

Oxygen  supports  respiration :  Priestley  put  a  mouse  into  a  jar 
containing  it,  and  he  found  that  the  animal  lived  about  thrice  as  long  as 
when  confined  in  an  equal  bulk  of  common  air. 

You  must  not  conclude  from  this,  that  it  is  eminently  fitted  for 
maintaining  the  functions  of  vitality,  for  the  contrary  is  the  case ;  an 
animal  caused  to  breathe  pure  oxygen  for  any  length  of  time,  at  last 
falls  a  sacrifice  to  its  stimulating  agency,  and  upon  examination  after 
death,  the  blood  in  the  veins  is  found  as  florid  as  that  in  the  arteries. 

It  is  well  worth  notice  and  recollection  here,  that  although  we  have 
many  gases  that  may  be  breathed  for  a  considerable  time  without  hurting 
life,  yet  we  have  no  gas  or  mixture  of  gases  fit  for  its  perfect  support, 
save  atmospheric  air,  which  you  will  hereafter  find  to  be  a  mixture  of 
oxygen  and  nitrogen. 
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EXPERIMENTS  ON  THE  STRENGTH  OF  IRON  BEAMS. 


The  experiments  of  Mr.  Eaton  Hodgkinson,  of  Manchester,  are  said  to 
have  led  to  a  practical  economy  of  material  in  the  construction  of  the 
great  iron  girders  or  beams,  so  generally  used,  there  and  in  other  manu- 
facturing districts,  in  the  building  of  factories,  amounting  to  not  less  than 
20  per  cent,  of  their  weight. 

It  is  very  rarely  that  the  application  of  principles  of  exact  science 
to  the  uses  of  society  is  attended  with  success  like  this.  And  we  feel 
that  the  pages  of  this  magazine  cannot  be  occupied  more  in  accordance 
with  the  purposes  for  which  it  was  established,  than  by  giving  publicity 
to  these  experiments. 

If  a  beam  of  iron,  or  any  other  elastic  or  flexible  material,  be  bent 
by  a  weight  which  it  supports, 
it  is  manifest  that  the  part  of 
it  lying  near  that  side  which 
supports  the  weight,  will  in 
the  act  of  flexure  be  com- 
pressed, whilst  that  on  the 
opposite  side  will  be  extended*.  It  is  at  that  part  of  the  beam  Avhich 
is  nearest  to  its  extended  side  that  the  extension  is  greatest,  and  at  the 
part  nearest  to  the  compressed  side  that  the  compression  is  greatest. 
.  Between  the  point  of  greatest  extension,  and  the  point  of  greatest  com- 
pression, the  extension  diminishes  continually  up  to  a  certain  point, 
where  it  is  nothing;  and  beyond  that  point  the  compression  commences, 
and  continues  to  increase  up  to  the  other  side  of  the  beam  where  it  is 
greatest.  The  point  of  the  beam  where  the  extension  of  its  material 
terminates,  and  the  compression  of  it  begins,  and  where  there  is, 
therefore,  neither  extension  nor  compression,  is  called  its  neutral 
point.  It  is  not  at  one  point  only,  however,  of  the  beam,  that  this 
neutral  state  of  its  compression  and  extension  exists,  but  manifestly 
throughout  all  the  points  of  a  line  crossing  the  whole  width  of  the  beam, 
and  passing  through  the  neutral  point.  This  line  is  called  its  neutral 
axis. 

The  forces  which  oppose  themselves  to  the  rupture  of  the  beam  are 
the  resistance  of  its  material  to  extension  on  one  side  of  its  neutral  axis, 
and  to  expansion  on  the  other.  Its  power  of  resistance  to  either  of 
these  yielding,  it  will  be  broken.  Thus,  if  the  one  side  be  so  far 
extended  that  its  material  separates,  the  beam  Ayill  fail,  although  the 
other  side  may  still  retain  its  power  of  resistance  to  compression.  Or 
if  the  one  side  be  so  far  compressed  that  it  crushes,  the  beam  will  fail. 


*  This  may  be  seen  in  a  very  simple 
experiment.  Let  a  piece  of  deal  be  gra- 
dually bent,  and  the  part  where  the  prin- 
cipal flexure  takes  place  observed.  It 
will  be  plainly  seen  that,  on  the  side  from 
which  the  flexure  is  made,  the  fibres 
elongate,  and  that  on  the  other  side  they 
compress ;  and  when  a  complete  fracture 


has  been  made,  this  process  will  be  further 
indicated  by  the  appearance  of  the  broken 
ends  which  will  on  one  side  be  jagged, 
mdicating  there  a  rupture  of  the  fibre  by 
tension  or  tearing  asunder, — and  on  the 
other  side,  comparatively  smooth,  as  they 
would  be  if  compressed. 
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although  the  other  side  is  still  able  to  resist  the  extension  to  which  it  is 
subjected. 

In  the  first  case,  the  beam  opening  on  the  extended  side,  the  com- 
pressed side  would  form  a  fulcrum,  about  which  the  separated  pai't  of 
the  extended  side  would  turn. 

In  the  second  case,  the  compressed  side  of  the  beam  immediately 
beneath  the  weight,  being  no  longer  capable  of  resisting  the  compression 
to  which  it  was  subjected,  would  be  crushed  in  pieces,  or  otherwise 
disjilaced,  and  the  beam  entirely  broken;  although,  perhaps,  the  tensile 
resistance  of  the  opposite  side  of  it  had  never  yielded. 

This  power  of  resistance  to  compression,  and  the  power  of  resistance 
to  extension,  constituting  the  strength  of  the  beam;  and  the  yielding  of 
either  of  these  being  of  necessity  followed  by  its  entire  rupture,  it  is 
manifest  that  the  material  of  which  the  beam  is  composed  Avill  Jje 
distributed  so  as  to  make  it  the  strongest  when  it  is  so  distributed,  that 
the  one  side  shall  be  about  to  yield  by  compression,  when  the  other  is 
about  to  yield  by  extension.  For,  if  either  rupture  is  about  to  taka 
place  when  the  other  is  not  about  to  take  place,  a  portion  of  the  beam 
might  be  removed  from  the  stronger  side,  without  causing  that  side  to  be 
in  a  state  bordering  on  rupture,  and  added  to  the  other  side,  so  as  to  take 
that  out  of  the  state  bortlering  on  tupture.  And  thus  if  the  powers  of 
resisting  compression  and  extension  be  unequal,  the  strength  of  the 
beam  may  be  increased  by  a  new  distribution  of  the  material. 

This  being  admitted,  the  question  of  the  best  form  of  the  beam 
resolves  itself  into  this: — How  can  the  material  be  distributed  on  the 
two  sides  of  it  so  that  the  resistance  to  the  compression  to  which  the 
one  side  is  subjected,  and  the  resistance  to  the  extension  of  the  other 
may  be  equal?  A  principal  element  in  this  inquiry  is  manifestly  this: — 
Is  the  power  of  a  given  quantity  of  material  to  resist  compression  the 
same  as  its  power  to  resist  extension? — if  it  be  the  same,  it  seems 
probable  that  the  object  would  be  gained  by  any  arrangement  by  which 
the  part  which  is  subject  to  compression  should  be  made  exactly  equal 
and  similar  to  that  Avliich  is  subject  to  extension.  It  appears,  however, 
from  the  experiments  of  Mr.  Rennie,  that  at  any  rate  in  respect  to  cast- 
iron,  this  law  does  not  obtain.  These  experiments,  and  others  of  the 
same  kind,  which  had  before,  and  have  been  subsequently  made,  show 
very  clearly  that  the  cast-iron  will  resist  a  much  gi-eater  force  tending  to 
compress  it,  than  it  is  able  to  resist  when  the  force  tends  to  extend  it. 
And  that  thus  to  produce  an  equal  poAver  of  resistance  on  the  two  sides 
of  the  beam,  a  larger  quantity  of  material  should  be  collected  on  the 
extended  than  the  compressed  side.  This  idea  suggested  itself  first,  it 
appears,  to  Mr.  Ilodgkinson;  and  he  contrived  the  following  ingenious 
experiment  to  serve  as  a  verification  of  it. 

He  caused  two  castings  to  be  made,  5  feet  in  length,  and  whose 
cross-section  was  of  the  form  re-       a  t> 


presented  in  the  figure;  the  width,       ! 

A 15,  being  4  is  inches,  the  depth  of     o 
the  rib,  de,  1  tV  inches,   and  the 
thickness,  nc,  of  the  metal  through- 
out i  inch.     Now,  it  is  manifest 
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that   this  casting  being  placed  in    the   position  shown  in  the  first    of 

the  accompanying  figures,  with  the 

rib  downwards,  and  being  loaded, 

the  portion,  abcg,  of  the  section 

of  fracture  would  be  subjected  to 

compression,  and  the  whole,  or  the 

lower  part,  of  the  rib  dep  would  be 

subjected  to  extension.    Moreover, 

the  surface,   agcb,  resisting  the  force  of  compression,  being  so  much 

greater  than  the  rib  def,  which  opposes  itself  to  the  force  of  extension,  it 

is  clear  that  when  the  casting  yielded,  it  wovdd,  under  these  circumstances. 
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yield  by  the  extension  of  def.  Again,  if  it  were  placed  as  in  the  second 
figure,  with  the  rib  upwards,  and  loaded  in  the  middle,  the  compressed 
portion  of  the  section  of  rupture  would  be  the  rib,  fed,  or  the  upper 
portion  of  it,  and  the  extended  portion  abcg.  The  surface  sustaining 
the  forces  of  compression  would,  therefore,  in  this  case,  be  less  than  that 
sustaining  the  forces  of  extension;  nearly,  perhaps,  in  the  proportion 
in  which  the  area,  efd,  is  less  than  abcg:  and  if  fed  were  sufficiently 
small  as  compared  with  abcg,  the  rib  would  of  necessity  yield  to  the 
forces  which  compress  it,  before  the  part  abcg  yielded  to  the  forces 
which  extend  it.  Thus,  in  both  cases,  the  casting  would  break  by  the 
yielding  of  the  rib,  efd.  But,  in  the  first  case,  it  would  yield  by  the 
extension  of  that  rib;  and,  in  the  second,  by  the  compression  of  it.  Now, 
it  was  found  that  the  disproportion  between  abcd  and  fed  was  in  these 
castings  sufficiently  great  to  produce  these  results,  i.  e.  to  cause  the  bar 
used  in  the  second  experiment  to  yield  to  the  compression  of  the  rib, 
whilst  that  in  the  first  yielded  by  its  extension. 

If,  then,  it  be  true  that  the  same  material  in  a  beam  yields  more 
easily  when  it  is  subjected  to  extension  than  when  subjected  to  com- 
pression, the  casting  ought,  in  the  second  case,  when  the  rib  was  com- 
pressed until  it  broke,  to  have  borne  a  greater  weight  than  in  the  first, 
when  it  was  extended  until  it  broke. 

In  each  experiment  the  supports  were  placed  4  ft.  3  in.  asunder, 
and  the  load  exactly  over  the  middle  point.  In  the  first  case,  when  the 
rib  was  broken  by  extension,  the  beam  just  bore  2^  cwt.,  and  the  breaking 
load  was  2^  cwt.  In  the  second  case,  Avherc  the  rib  was  broken  by 
compression,  the  beam  bore  8|  cwt.,  and  was  broken  by  9  cwt. 

Thus,  then,  a  beam  of  this  form  and  these  dimensions,  when  turned 
with  the  rib  upwards,  will  bear  nearly  four  times  as  much  as  when  placed 
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with  the  rib  downwards,  and  its  rib  requires  four  times  as  great  a  power 
to  break  it  by  compression  as  by  extension. 

The  weights  in  the  last  experiment  were  very  gradually  laid  on, 
and  no  rupture  of  the  material  could  be  perceived  until  the  instant  of 
fracture.  A  wedge  then  flew  out  of  the  compressed  side,  of  Avhich  the 
form  is  accurately  represented  in  the  figure.  Its  length,  ab,  which  was 
in  the  direction  of  the  length  of 
the  casting,  was  4  inches,  and  its 
depth,  CD,  "98  inches.  This  depth, 
probably,  indicated  the  whole  depth 
of  the  compressed  portion  of  the  sec- 
tion of  rupture,  which  was,  there- 
fore, very  nearly  that  of  the  rib*. 

These  experiments  sufficiently  indicate  the  strength  gained  by  accu- 
mulating the  material  of  the  beam  on  that  side  of  it  which  is  subjected 
to  extension;  and  they  at  once  suggest  the  inquiry,-  Avhat  should  be  the 
amount  of  this  accumulation?  It  has  been  shown,  that  the  strongest 
form  will  be  obtained  when  the  material  is  so  distributed,  that  it  may 
offer  the  same  resistance  to  the  forces  which,  on  the  one  side  tend  to 
compress  it,  as  to  those  which,  on  the  other,  act  to  extend  it.  And 
moreover,  it  is  now  shown  that  less  material  is  requisite  to  efi^ect  the 
first  object  than  the  second.  The  aim  of  the  remainder  of  Mr.  Hodg- 
kinson's  experiments,  was  to  determine  in  what  proportion  it  should 
be  less. 

Before,  however,  entering  upon  this  investigation,  a  very  simple 
improvement  in  the  form  of  the  casting  suggested  itself  to  him. 
Whether  the  beam  was  about  to  break  by  the  separation  of  the  extended 
part,  and  the  turning  of  the  fractured  portions  about  the  compressed 
part  as  a  fulcrum,  or  by  the  yielding  of  the  compressed  parts,  and  the 
turning  of  the  two  ends  about  the  extended  part  as  a  fulcrum.  It  was 
manifest  that  the  forces  which  opposed  themselves  to  the  fracture  AvotJd 
in  either  case  be  most  effective  when  they  acted  at  the  greatest  distance 
from  what  would  in  that  case  be  the  fulcrum. 

Thus,  then,  that  form  of  the  beam  would  be  best  which  placed  the 
material  which  was  to  resist  compression  at  the  greatest  distance  from 
that  which  was  to  resist  extension,  or  which  collected  the  material  on 
the  upper  and  under  sides  of  the  beam. 

This  principle  characterizes  the  forms  of  the  sections  of  all  the 
castings  used  in  the  foUomng  experiments.  They  were  each  5|  inches 
in  depth  in  the  middle,  and  broken  between  props  4  feet  6  inches  apart. 

The  general  form  or  elevation  of  each,  was  that  represented  in 
the  first  of  the  following  figures;  and  the  forms  of  their  middle  sections 
were  in  the  order  of  those  shown  by  the  diagrams  below,  which  are  each 
one-fourth  of  the  real  size  of  the  section. 


•  The  form  of  the  wedge  was  remark- 
aWy  regular,  and  it  preserved  its  regularity 
of  fonn,  and  the  same  dimensions,  in  a 
variety  of  other  similar  experiments  sub- 
sequently made.  We  know,  as  yet,  too 
little  of  the  mechanical  construction  of 
bodies  to  be  able  to  give  any  explanation 


of  the  form  of  this  wedge.  The  subject 
will,  however,  possibly  not  be  found  with- 
out the  reach  of  analysis,  whenever  the 
highest  resources  of  that  master-science 
shall  be  applied  to  the  theory  of  the 
strength  of  materials. 
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It  will  be  observed  that  in  the  first  of  these  the  portions  of  the 
section  subjected  to  extension  and  compression  were  of  the  same  di- 
mensions; and  that  in  the  second,  the  portion  subjected  to  extension 
was  greater  than  the  other;  and  in  the  third  greater  still,  and  so  on, 
until  in  the  last,  the  portion  resisting  compression  was  exceedingly  small, 
as  compared  with  that  opposing  itself  to  extension. 

Now,  from  what  has  been  said  before,  it  is  manifest  that  in  the 
first  the  material  opposing  itself  to  compression  is  in  excess^  and  that  a 
portion  of  it  might  be  removed  ■ndth  advantage,  and  added  to  the  lower 
portion  of  the  section.  This  is  done  in  the  second  experiment,  and  in 
a  yet  greater  degree  in  the  third  and  the  fourth,  &c.  "We  may  therefore 
expect  that  the  beam  would  thus  be  continually  strengthened  up  to  a 
certain  point,  when  the  compressed  portion  would  have  become  so  small 
as  to  yield  before  the  extended  portion ;  and  thus,  if  the  gradations  be 
sufiiciently  slow,  the  precise  form  under  which  the  compressed  and  ex- 
tended portions  equally  resisted  the  forces  to  which  they  were  subjected, 
that  is,  the  hest  form  of  the  section,  would  be  ascertained. 

Now,  the  best  and  simplest  method  of  comparing  the  strengths  of 
beams  of  dififerent  sections,  is  probably  to  ascertain  the  Aveights  in  pounds 
necessary  to  break  them,  and  to  divide  this  by  the  number  of  square 
inches  in  the  section  of  fracture  of  each;  the  quotient  may  be  under- 
stood to  be  the  number  of  pounds  of  strength  supplied  by  each  square 
inch  of  section;  and  that  form  of  section  which  thus  supplies  the  greatest 
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number  of  pounds  of  strength  per  square  inch  to  be  the  strongest. 
Adopting  this  mode  of  comparison,  the  result  of  these  experiments  will 
appear  from  the  following  table. 


No.  of 
Experiment*. 

1 

2 
3 
4 
5 
6 


Ratio  of  Surfaces  of 
Compression  and  Extension. 


Area  of  Section    Strength,  per  square  Inch, 
in  Inches.  of  Section  in  lbs. 


to  4A 


2-82 
2-87 
3-02 
3-37 
4-50 
50 


2368 
2567 
2737 
3183 
3214 
3346 


All  these  castings  were  made  with  iron,  of  which  the  following  is 
the  description- — 


of  Blaina 
of  Blaina 
ofW.  S.  S. 


Mixture. 

No.  2,\ 

No.  3,( 

No,  3,    Shropshire. 


Welsh. 


In  every  case,  the  casting  broke  by  the  yielding  of  the  extended 
or  lower  portion  of  the  section,  and  in  all,  except  the  fourth  and  fifth, 
there  was  indicated  a  continual  increase  of  strength,  as  more  of  the 
material  was  accumulated  in  the  lower  portion  of  the  casting.  In  the 
fourtli,  it  was  believed  that  the  upper  llanch,  or  rib,  had  been  so  much 
diminished  as  to  affect  not  its  relative,  but  its  actual  resisting  power, 
and  in  the  fifth,  it  was  a  little  increased  as  avcU  as  the  lower';  to  this 
circumstance  is  probably  to  be  attributed  the  greater  strength  of  this 
section  than  the  fourth  with  a  less  inequality  of  the  two  flanches. 

Since,  in  the  last  experiment,  the  casting  broke  by  the  separation 
of  the  extended  side,  it  was  probable  that  the  strongest  form  was  not 
yet  attained.  The  experiments  were  therefore  continued.  But  the 
general  form  or  elevation  of  the  beam  was  now  altered. 

The  form  before  adopted,  was  that  recommended  by  Mr.  Tredgold 
as  being  of  equal  strength  to  sustain  a  load  anywhere  placed  upon  it, 
and  therefore  as  being  the  most  economical  form.  Since,  however,  it 
now  appeared  that  the  width  of  the  lower  flanch  was  a  more  important 
element  in  the  strength  than  had  before  been  imagined,  since,  moreover, 
the  effect  of  the  tensile  power  of  this  flanch  would  everywhere  be 
greater  as  the  resisting  portion  of  the  material  in  the  upper  flanch  was 
more  distant  from  it,  it  was  clear  that  there  would  be  an  economy  of  the 
material,  and,  practically,  a  great  convenience  of  form,  in  keeping  the 
distance  of  the  upper  and  lower  flanch,  throughout  the  whole  length, 
the  same,  and  varying  the  width  of  the  lower  flanch  instead  of  the 
height  of  the  beam,  as  had  heretofore  been  done. 

Under  this  new  form  the  beam  is  represented  by  the  two  following 
diagrams,  of  which  the  first  represents  the  plan  of  either  flanch,  and  the 
lower  the  elevation  of  the  rib  which  joins  the  twot. 


*  The  number  of  the  experiment  cor- 
responds to  the  number  of  the  diagram  in 
the  preceding  page. 

-f-  The  curved  form  of  each  of  the  por- 
tions, ACB  and  ADB,  of  either  flanch, 
was  tliat  of  the  curve  called  the  parabola, 


from  the  nature  of  which  curve  it  follows 
that  the  widths,  p  q,  of  the  flanch  at 
different  points  of  its  length,  will  be  to 
one  another  as  the  products  of  the  tlis- 
tances,  a  m  and  b  m,  from  the  two  ends. 
Thus,  for  iustaoicc,  the  width,  p  q,  will  be 
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Plan. 


Having  determined  upon  this  general  form  of  the  beam,  as  involv- 
ing a  great  economy  of  the  material.  Mr.  Ilodgkinson  continued  his 
experiments  upon  the  best  form  of  section,  with  beams  thus  constructed ; 
the  following  table  contains  the  result  of  them. 

The  depth  of  the  beam,  and  distance  of  the  points  of  support,  was 
as  before. 


No.  of 
Experiment. 

Ratio  of  Sections  of 
Compression  &  Extension. 

Area  of  Wliole 
Section. 
Inches. 

Strength,  per  square 

Inch,  of  Section. 

lbs. 

7 

1    to   3-2 

.       4-628       . 

3246 

8 

1    to   4-3 

.       5-86 

3317 

9 

1    to    6-1 

.        6-4 

4075 

In  this  last  experiment,  the  casting  broke  by  the  compression  of 
the  upper  flanch. 


The  above  figure  represents  the  form  of  the  rupture.  In  every 
experiment  up  to  this,  the  rupture  had  been  by  the  yielding  of  the  lower 
or  extended  portion  of  the  beam ;  under  this  form  of  section,  then,  the 
material  resists  the  forces  tending  to  extend  it,  a  very  little  more,  and 
but  a  very  little  more,  than  those  tending  to  compress  it.  Here  then  is 
the  point  at  which  it  was  the  object  of  these  experiments  to  arrive. 
The  distribution  of  the  material  which  gives  an  equal  resistance  to  the 
forces  of  compression  on  the  one  side,  and  of  extension  on  the  other,  is 
nearly  that  by  which  the  lower  flanch  is  made  to  contain  about  six 
times  that  of  the  ujjper.     This,  then,  is  the  strongest  form  of  section. 

As  this  experiment,  in  point  of  fact,  gave  a  greater  strength  per 


to  the  width  p'q',  as  the  product  a  m  x 
B  M  to  A  m'  X  B  m'.  And  since  the  flanch 
is  everywhere  of  the  same  thickness, 
its  power  at  different  pomts  to  resist  the 
forces  tending  to  extend  or  compress  it 
there,  will  be  as  its  widths  at  those  points ; 
this  power  will  therefore  be  proportional 
to  the  products  spoken  of  above ;  and  since 
the  distances  of  the  flanches  are  every- 
where the  same,  it  follows  that  the  strength 
of  a  beam,  tlius  constructed,  to  resist  rup- 
ture, whetherby  extension  or  compression, 
will,  at  different  points  of  its  length,  be 


proportional  to  the  products  of  the  dis* 
tances  of  those  points  from  its  extremities. 
Now,  it  is  shown  by  all  writers  on  the 
strength  of  materials,  that  the  efltect  of  the 
same  force,  applied  at  dififerent  points  in 
the  length  of  a  beam  to  rupture  it,  is  in 
this  proportion  of  the  product  of  the 
distances  of  the  points  from  the  extremi- 
ties. The  strength,  then,  of  a  beam  thus 
constructed,  is  at  different  points  in  the 
same  proportion  as  the  effect  of  the  force 
tenduig  to  rupture  it.  It  is  therefore 
throughout  of  the  same  strength. 
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inch  of  section  than  any  other;  it  will  be  well  to  describe  the  section 
more  accurately. 

Its  form  was  that  of  the  following  figure,  but  four  times 
the  size.  The  length  of  the  upper 
flanch  A  B  was  2'33  inches,  and  its  ^ 
depth  '31  inches,  and  in  the  lower 
flanch  these  dimensions  were  6'67 
inches,  and  '66  inches  respectively. 
The  thickness  of  the  vertical  part, 
c  D,  connecting  the  two  flanches  was 
•206  inches,  and  the  weight  of  the 
beam  was  seventy-one  pounds.  Consi- 
derably more  than  two-thirds  of  the       '[_ _^ 

whole  material  of  the  beam  was  con- 
tained in  the   lower   flanch.     Now  let  us   compare  the 
strength  of  this  beam   with  that  of  a  beam  of  the  form 
most  approved  before  these  experiments  were  made. 

The  girders,  cast  at  the  factory  of  Messrs.  Fairbairn 
and  Lillie,  of  Manchester,  and  most  approved  by  them, 
were  of  the  elliptical  form  (see  diagram,  page  196),  and 
had  the  section  shown  in  the  annexed  diagram.  One 
of  these  was  cast  of  the  same  length  and  depth  as  those 
in  the  preceding  experiments,  at  the  same  time  as  the  last, 
and  of  the  same  metal.     Its  dimensions  were  as  follows : 


r/ 


Inches. 

Thickness  at   a  =     -30. 

„ 

„       B  =     -42. 

„ 

„      c  =     -45. 

» 

„    DE    =       *51. 

jj 

„   FE  =  2-28. 

It  broke  with  a  weight  of  9146  lbs.;  and  as  the  area  of  the  section 
of  fracture  was  3*17  inches,  the  strength  may  be  estimated  at  2885  lbs. 
per  square  inch,  and  it  may  be  stated,  that  of  a  number  of  experiments 
with  beams  of  this  form,  there  was  only  one  which  gave  a  higher  nume- 
rical strength,  and  that  under  peculiar  circumstances.  Now  the  strength 
per  inch  of  section  in  Mr.  Hodgkinson's  improved  form  (Experiment  9), 
was  4075  lbs.  Here  is  a  gain  then  in  strength  of  the  enormous  amount  of 
1190/6*.  on  every  square  inch  of  section,  by  distributing  the  material  of 
the  beam  according  to  that  gentleman's  form,  being  an  increase  of  \ths. 
of  the  whole  strength  of  the  beam.  And  this,  be  it  observed,  over  a 
beam  of  the  best  construction  before  known — a  construction  greatly 
superior  to  that  on  which  girders  were  then,  and  are  indeed  now  ordi- 
narily cast.  There  is,  however,  another  method  of  comparing  the 
advantages  of  the  two  methods  of  construction,  and  that  is  by  the  ratio 
of  the  strength  to  the  weight  of  metal. 

The  casting  of  the  best  construction  (Experiment  9),  broke  with  a 
weight  of  26,084 lbs.,  and  the  casting  weighed  71  lbs.,  each  pound  in 
weight  gave  therefore  367*38  lbs.  in  strength.  The  casting  on  Messrs. 
Fairbairn  and  Lillie's  original  construction  of  the  same  length  and  depth, 
weighed  40 lbs.,  and  it  broke  with  9146  lbs.,  so  that  each  pound  in  the 
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weight  of  this  casting  corresponded  to  228*65  lbs.  in  strength.  The  strength 
given  by  each  poimd  weight  of  metal  in  this  beam  was,  therefore, 
138*73/6*.  less  thati  that  given  by  each  pound  of  the  other. 

Mr.  Hodgkinson's  experiments  had  hitherto  been  confined  to  cast- 
ings of  the  same  depth  and  length.  His  inquiries  were  now  directed 
to  the  comparison  of  castings  of  different  depths  and  lengths.  Colla- 
terally with  this  inquiry,  he  directed  his  attention  more  particularly  to 
the  amount  of  deflexion,  produced  ,by  a  given  load,  and  to  the  different 
stages  of  deflexion  and  pressure,  under  which  the  elasticity  is  destroyed, 
or  under  which  the  metal  is  technically  said  to  take  a  set.  This  inquiry 
may  be  characterized  as  one  into  the  stiffiiess  of  the  casting.  It  is  a 
most  important  one;  for  although  beams,  cast  on  the  new  principle, 
might  resist  ultimate  fracture  more  successfully  than  those  of  the  old 
form,  yet  if  they  deflected  more  under  a  given  pressure,  or  if  under  such 
deflections  they  more  readily  fixed  themselves  in  those  forms  into  which 
they  had  been  deflected,  partaking  thus  in  a  degree  of  a  quality  ana- 
logous to  flexibility,  there  might  result  from  these  causes  inconve- 
niences more  than  counterbalancing  the  increase  of  ultimate  strength. 
It  may  be  mentioned  in  the  outset,  that  these  suppositions  were  in  them- 
selves improbable,  and  anomalous;  it  was  to  be  expected  that  the  diffi- 
culty which  attended  the  ultimate  fracture  would  in  a  degree  characterize 
all  the  stages  of  approach  to  it,  and  such  in  reality  was  found  to  be 
the  case. 

The  beams  were  now  cast  7  feet  6  inches  long,  and  the  props 
placed  7  feet  asunder.  The  ratio  of  the  upper  and  lower  flanches  was,  in 
each  experiment,  that  of  1  to  6,  Avhich  had  been  ascertained  to  belong  to 
the  best  form  of  section,  and  they  were  all  of  the  same  size,  being, 
indeed,  cast  from  the  same  model,  which  was  only  varied  by  increasing 
in  each  experiment  the  distance  of  the  flanches,  or  the  depth  of  the  rib 
which  joined  them.  The  following  diagrams  represent  the  sections  of 
fracture,  each  as  before  one-fourth  its  real  size. 

In  the  first  of  these  experiments  (diagram  10),  the'  depth  of  the 
beam  was  4*1  inches.  The  beam  was  loaded  Avith  27641bs.,  when  the 
deflection  was  0*25  parts  of  an  inch,  and  on  the  removal  of  this  load  it 
returned  to  its  original  form,  showing  that  the  elasticity  had  not  been 
strained.  The  load  was  then  gradually  increased  up  to  3339  lbs.,  and 
the  deflexion  to  0*28  inches,  and  still  the  beam  recovered  its  form ; 
3454  lbs.  Avere  then  put  upon  it,  and  there  A\'as  noAv  a  perceptible  set,  or 
permanent  deflexion,  but  of  exceeding  small  amount.  With  a  load  of 
391 4,  this  permanent  deflexion  became  0*05  inches.  The  load  Avas  then 
further  increased  until  it  became  6215  lbs.,  and  the  deflexion  0.51,  and 
throughout  the  Avhole  of  this  increase  no  further  set  Avas  apparent,' the 
beam  returning,  Avhen  the  load  Avas  removed,  ahvays  to  its  first  pei-ma- 
nent  deflexion  of  0*05.  When,  hoAvever,  the  load  Avas  made  6971  lbs.,  a 
new  set  became  apparent,  and  Avhen  it  AAas  increased  to  86371bs.,  this 
set  Avas  measured  to  0*03  more  than  the  first,  or  the  Avhole  permanent 
deflexion  Avas  now  made  0*08  with  a  load  of  ll,3971bs.,  this  permanent 
deflection  became  0*09,  Avith  each  further  increase  of  AA'eight;  the  perma- 
nent deflexion  began  noAV  rapidly  to  increase,  until  Avith  12,815  lbs.  it 
became  0*14,  and  Avith  13,543  lbs.  the  beam  broke. 
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Similar  circumstances  characterized  the  other  experiments.  In  the 
second  (see  diagram  11),  the  depth  of  the  beam  was  5-2  inches — the 
first  perceptible  set  took  place  under  a  load  of  7257  lbs.,  with  7947  lbs. 
it  was  0-08,  and  the  deflexion  0"35.  It  bore  12,0871bs.  with  a  deflexion 
of  0"63,  and  broke  by  extension  with  a  weight  of  15,1291bs.  In  the 
third  experiment  (see  diagram  12),  the  depth  of  the  beam  was  6*0 
inches,  and  the  first  perceptible  set  took  place  under  a  weight  of 
13,543  lbs.,  and  a  deflexion  of  0'49  inches.  The  beam  broke  with 
15,1291bs.  In  the  fourth  experiment  (diagram  13),  the  depth  of  the 
beam  was  6*93  inches,  and  the  first  perceptible  set  took  place  with  a 
load  of  14,271  lbs.,  and  a  deflexion  of  0*35.  The  beam  broke  with 
22, 185 lbs.     These  results  may  be  tabulated  as  follows: — 


No.  of  Ex- 
periment. 

Depth   of 

lleam 
in  Inches. 

Load  under 

which  a  Set  is 

first  taken 

in  lbs. 

Deflexion    un- 
der wliich  a  Set 
is  first  taken  in 
Inches. 

Greatest  De- 
flexion before 
Fracture,  in 
Inches. 

Breaking 
Load, 
in  lbs. 

r  This  Beam  was 
weakened  by  a 

<  twist  in  tlie  ver- 
tical part  of  the 
casting. 

1 

2 
3 
4 

4-1 
5-2 
6-0 
6-93 

3454 

7257 
13543     , 
14271 

•28 
•35 
•49 
•35 

ro8 

•63 
•58 
•65 

13543 
15129 
15129 
22185 

From  these  experiments,  the  first  conclusion  to  be  drawn  is,  that 
other  things  being  the  same,  the  ultimate  strength  is,  in  beams  of  this 
form,  nearly  as  the  depth,  but  in  a  somewhat  lower  ratio. 

The  second,  that  the  stiffiiess  of  the  beam  rapidly  increases  with  its 
depth,  a  weight  nearly  twice  as  great  being  required  to  produce  the 
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same  deflexion  in  the  fourth  experiment  as  in  the  first,  although  the 
depths  were  only  in  the  ratio  of  3  to  4. 

The  third,  that  the  quality  of  elasticity  as  distinguished  from  flexi- 
bility, or  the  difficulty  of  giving  a  set  to  the  beams  was  in  a  much  higher 
ratio  than  is  assigned  to  it  in  ordinary  beams,  requiring  in  experiments 
2  and  4,  more  than  one-half  the  breaking- weight.  Experiment  (1) 
presents  in  reality  no  exception  to  this  remark,  because  the  depth  there 
is  exceedingly  small,  and  the  first  set  which  is  that  given  in  the  table  was 
exceedingly  small,  and  did  not  affect  the  elasticity  of  the  material,  being 
followed  by  no  other  set  until  the  weight  was  nearly  doubled. 

Now  in  ordinary  beams,  it  appears  (Tredgold,  page  79)?  that  there 
is  a  sensible  injury  of  the  elastic  force  with  one-third  the  breaking- 
weight. 

Mr.  Hodgkinson  concludes,  therefore,  that  in  these  beams  the  elas- 
ticity remains  perfect  under  loads  greater  in  comparison  with  those 
under  which  they  break  than  in  the  ordinary  beams. 

Various  other  experiments  were  made  after  the  first  publication  of 
these  on  a  considerably  larger  scale;  for  the  details  of  them  the  reader 
is  referred  to  the  fifth  volume  of  the  Transactions  of  the  Manchester 
Phil.  Society.  It  need  only  here  be  stated,  that  these  experiments  on  a 
larger  scale  have  in  every  way  supported  the  conclusions  drawn  from 
those  on  a  less  scale.  In  conclusion,  we  shall  give  the  very  simple  rule 
which  Mr.  Hodgkinson  has  deduced  from  these  experiments  to  estimate 
the  strength  of  beams  cast  on  his  construction. 

Rule. 

If  A  be  the  area  of  a  section  of  the  bottom  rib  in  the  middle  of  the 
beam,  and  if  d  be  the  depth  of  the  beam  there,  and  L  the  length  or 
distance  between  the  points  of  support,  all  these  dimensions  being  in 
inches,  then  will  the  ultimate  strength  of  the  beam  in  tons,  when  it  is 
cast  erect,  be  represented  by  the  formula, 

26  X  A  X  P 

L 

And  when  it  is  cast  on  its  side  by 

25  X  A  X  D 

L 

That  is,  if  taking  the  dimensions  in  inches,  we  multiply  the  area 
of  the  middle  section  of  the  lower  rib  by  the  depth  of  the  beam,  and 
divide  this  product  by  the  length  of  the  beam,  then  26  times  this  pro- 
duct will  represent  the  number  of  tons'  weight  which  will  just  break  the 
beam  when  it  is  cast  upright,  and  25  times  the  product  when  it  is  cast 
on  its  side. 

It  is  manifest  that  the  principles  which  Mr.  Hodgkinson  has 
established  for  the  best  sections  of  girders,  are  applicable,  with  the  proper 
modifications,  to  every  form  under  which  cast-iron  is  employed  to  sus- 
tain a  transverse  strain  of  the  material. 
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The  tinder-box  has  been  employed  from  time  immemorial  for  the  purpose 
of  obtaining  a  light :  it  is  now,  however,  nearly  expelled  from  our  dwell- 
ings by  a  host  of  ingenious  chemical  contrivances,  called  "  Instantaneous 
Lights."  A  popular  account  of  some  of  these  may,  perhaps,  be  accept- 
able to  the  readers  of  this  Magazine. 

About  the  year  1673,  phosphorus  was  discovered,  and  its  singular 
inflammability  was  taken  advantage  of,  as  a  refined  chemical  method  of 
getting  a  light  quickly.  A  small  portion  of  phosphorus,  rubbed  between 
the  folds  of  brown  paper,  instantly  bursts  into  a  flame,  which  will  kindle 
a  common  brimstone  match.  This  method  was  eagerly  adopted  by  all 
such  persons  as  could  procure  so  great  a  chemical  curiosity;  for  phos- 
phorus was  by  no  means  plentiful  until  the  year  1680,  when  Godfrey 
Hanckwitz  manufactured  and  sold  it  in  large  quantities  at  his  labora- 
tory, in  Southampton-street,  Strand.  QThis  laboratory,  and  much  of  its 
curious  apparatus,  is  yet  in  existence.]  The  marvellous  properties  of 
phosphorus  excited  much  attention  in  this  country,  and  Godfrey  set  out 
on  his  travels  abroad,  to  exhibit  and  vend  the  article;  he,  therefore,  has 
the  merit  of  generally  introducing  the  first  chemical  method  of  getting 
a  light. 

Improvements  were,  of  course,  soon  made  upon  it;  one  of  which 
was  to  coat  the  wicks  of  small  wax-tapers  with  phosphorus,  in  glass 
tubes,  hermetically  sealed;  thus  constituting  what  were  called  "  phos- 
phoric tapers."  "When  a  light  was  required,  one  end  of  the  tube  was 
cut  oif  with  a  file,  and  the  taper  being  quickly  drawn  out,  it  took  fire 
upon  touching  the  air;  but  this  plan,  although  ingenious,  was  not  so 
simple  as  the  original  method  of  friction;  it  was  inconvenient,  sometimes 
even  dangerous,  and  never  came  into  general  use.  It  was  succeeded  by 
placing  a  bit  of  phosphorus  in  a  small  phial,  and  then  stirring  it  about 
with  a  hot  iron-wire,  thus  partially  burning  it  in  a  confined  portion  of 
air,  and  covering  the  interior  of  the  phial  with  oxide  of  phosphorus:  it 
was  then  corked  up  tightly  after  removing  the  wire,  and  preserved  for 
use.  AVhen  a  light  was  wanted,  a  common  brimstone-match  was  put 
into  the  bottle,  and  a  small  portion  of  the  phosphoric  compound  with- 
drawn upon  its  brimstone  tip;  flame  instantly  resulted,  from  the  strong 
affinity  of  the  sulphur  for  the  phosphorus.  This  method,  from  its  sim- 
plicity and  durability,  had  a  long  run,  and  may  even  now  be  met  with. 
Another  plan  with  phosphorus  was,  to  take  a  small  bit  of  it  on  the  point 
of  a  brimstone-match,  and  then  to  rub  it  on  a  cork  or  piece  of  soft  wood; 
the  friction  caused  the  union  of  the  phosphorus  and  sulphur,  with  the 
evolution  of  flame. 

These  methods  with  phosphorus  were  succeeded  by  a  substance 
called  pyrophorus:  it  was  a  black  powder,  produced  by  the  calcination 
of  flour,  sugar,  and  alum,  and  having  the  singular  property  of  taking  fire 
upon  mere  exposure  to  air.  A  small  bottle  of  pyrophorus,  well  prepared, 
lasted  a  considerable  time,  and  was  a  good  method  of  getting  a  light. 
The  theory  of  its  action  was  long  a  mystery;  but  we  now  know,  that 
the  fire  of  the  pyrophorus,  or  fire-bearer,  results  from  the  attraction  of 
oxygen  for  potassium,  which  inflammable  metal  is  elicited  from   the 
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potash  of  the  alum  by  the  action  of  the  charcoal  of  the  flour  and  sugai". 
"  Homberg's  pyrophorus,"  for  so  it  was  named,  had  a  long  day,  but 
chiefly  with  scientific  curiosos.  The  invention  which  first  bore  the  name 
of  "  Instantaneous  Light  Machine,"  was  the  "  inflammable  air-lamp  of 
Volta;"  an  extremely  elegant  and  scientific  apparatus,  consisting  of  a 
glass  reservoir  filled  with  hydrogen-gas  (or  inflammable  air,  as  it  was 
then  called),  which  could  be  subjected  to  the  pressure  of  a  column  of 
water  upon  turning  a  stop-cock.  The  pedestal  upon  v/hich  the  reservoir 
was  placed,  contained  an  electrophorus  (a  variety  of  the  electrical  machine), 
the  apparatus  being  so  adjusted  by  connecting  wires,  that  upon  turning 
the  cock  a  small  stream  of  hydrogen  rushed  out,  and  met  with  a  spark 
of  electric  fire,  which  caused  its  combustion;  and  this  flame  kindled  a 
wax-taper,  placed  directly  against  it.  This  machine  was  soon  modified 
into  a  variety  of  ornamental  forms,  and  quickly  found  a  place  in  the 
study  of  almost  every  scientific  man.  One  fatal  objection  to  its  general 
introduction  was,  its  tendency  to  explode, — a  most  disagreeable  tendency 
certaiidy,  especially  if  the  light-seeker  was  in  a  great  hurry  to  seal  a 
letter,  to  say  nothing  of  the  squirting  of  the  acid-water  over  papers, 
books,  and  furniture,  and  perchance  the  fracture  of  a  looking-glass  or 
window,  by  a  flying  fragment  of  the  gas-resei-voir.  Such  an  accident 
often  happened,  and  the  Light  Machine  was  denounced  as  an  "  Infernal 
Machine." 

The  researches  concerning  the  evolution  of  heat,  by  the  compression 
of  air,  led  to  the  introduction  of  its  agency  for  obtaining  a  light. 

A  small  stout  brass  tube,  about  six  inches  long,  and  half  an  inch  in 
diameter,  closed  at  one  end,  and  fitted  with  a  holloAV  air-tight  piston, 
containing  in  its  cavity  a  scrap  of  amadou  or  German  tinder,  constituted 
the  apparatus  which  was  called,  "  The  Pneumatic  Tinder-box,  or  Light 
Syringe,"  and  which  was  used  as  follows: — The  piston  Avas  suddenly 
driven  into  the  tube  by  a  strong  jerk  of  the  hands;  the  air  in  the  tube 
thus  compressed,  had  its  capacity  for  heat  diminished,  and  therefore 
parted  with  it  in  suflicient  quantity  to  cause  the  ignition  of  the  tinder; 
and  upon  quickly  drawing  out  the  piston,  the  glowing  tinder  would,  of 
course,  kindle  a  match*. 

The  Light  Syringe  is  even  now  frequently  used  on  the  continent, 
although  we  very  seldom  see  it  here,  unless  upon  the  lecture-table  of  the 
chemist.  Considerable  practice  is  required  to  learn  the  right  method  of 
using  it,  and  a  novice  has  to  undergo  sundry  abrasions  of  the  knuckles, 
fingers,  sprains  of  the  hands,  &c.,  before  he  lights  upon  the  proper  knack 
of  suddenly  and  successfully  compressing  the  air.  The  agency  of  Voltaic 
electricity  was  next  pressed  into  the  "  light  company;"  it  was  found  that 
a  plate  of  zinc,  and  a  double  plate  of  copper,  when  dipped  into  a  dilute 
acid,  evolved  suflicient  electricity  to  ignite  a  fine  platina-wire  connecting 
them.  This  apparatus,  being  very  sitople  and  scientific,  was  adopted  by 
many,  but  more  especially  by  philosophers.  It  took  up  very  little  room, 
as  a  single  pair  of  plates,  two  inches  square,  and  a  little  cistern  of  acid, 
about  the  size  of  a  snufi-box,  was  quite  adequate  to  the  ignition  of  a  fine 

•  This  apparatus,  somewhat  modified,  was  employed  by  the  French  as  a  substi- 
tuto  for  the  gun-lock  on  fire-arms,  before  the  introduction  of  percussion-cai)s. 
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filament  of  platina-wire,  at  which  a  bit  of  touch-paper  could  be  ignited, 
and  then  a  match  from  this.  It  would  not  answer  to  apply  the  match 
directly  to  the  ignited  wire,  as  the  sulphur  combined  with  the  platina. 
All  the  contrivances  which  have  been  now  spoken  of,  quickly  vanished 
into  the  shades,  before  the  sudden  blaze  of  "  The  Oxymuriate  Matches." 
It  was  discovered  that  the  singular  salt  called  oxymuriate,  or  chlorate  of 
potash,  when  mixed  with  sugar  or  other  inflammable  matters,  caused 
them  to  enter  into  sudden  combustion  upon  the  contact  of  a  drop  of 
vitriol. 

Small  portions  of  such  mixture  in  powder  were  first  employed,  but 
it  was  soon  mixed  with  gum-water  into  a  paste,  (together  with  a  little 
vermilion,  for  the  sake  of  colour),  and  with  this  thin  slips  of  deal  Avere 
tipped,  to  constitute  oxymuriate  matches,  which  were  put  into  a  neat 
little  case  of  crystallized  tin,  or  moiree  metallique  (for  that  beautiful 
manufacture  was  just  come  into  fashion),  with  a  bottle  containing  a  bit 
of  asbestos  soaked  in  strong  oil  of  vitriol :  cases  thus  fitted  up  Avere 
improperly,  but  almost  universally,  called  "Phosphorus-boxes."  The 
addition  of  a  wax-taper  was  made  soon  afterwards,  and  the  matches, 
bottles,  and  boxes,  appeared  in  swarms,  of  all  colours  and  dimensions. 
Competition  at  last  became  so  great,  that  from  fifteen,  ten,  and  five 
shillings,  the  price  fell  to  half-a-crown  for  a  small  box,  and  this  price 
continued  steady  for  some  years. 

The  theory  of  the  action  of  these  "  phosphorus  or  instantaneous 
light-boxes,"  consisted  in  the  sudden  decomposition  of  the  chlorate  paste 
by  the  oil  of  vitriol,  and  the  evolution  of  oxygen,  which  entering  into 
energetic  combination  with  the  inflammable  elements  of  the  sugar,  pro- 
duced flame.  It  was  a  very  complex  action,  and  understood  by  none 
but  chemists;  but  every  one  could  appreciate  its  practical  application, 
and  nothing  more  was  wanted. 

Sometimes  this  production  of  fire  took  place  so  instantaneously  that 
the  wood  of  the  match  had  not  sufficient  notice  to  light;  at  others,  in 
consequence  of  the  weakness  of  the  acid,  or  badness  of  the  composition, 
not  a  spark  of  fire  was  evolved,  but  the  red  tip  merely  fizzed,  and  spurtled 
the  vitriol  over  ladies'  silk-dresses,  to  their  utter  spoliation.  By  the  way, 
about  fifteen  years  ago,  when  this  invention  started,  ladies  were  not  so 
"darkly,  deeply,  beautifully  blue,"  in  chemical  matters,  as  they  are 
now-a-days;  and  very  frequently,  when  the  match  did  not  light  instan- 
taneously, they  innocently  returned  it  to  the  case  amidst  the  others,  and 
selected  a  fresh  one :  the  rejected  match  still  retaining  a  spot  of  vitriol, 
imparted  it  to  the  tip  of  its  next  neighbour,  this  being  perchance  a 
good  one,  entered  into  rapid  combustion,  which  instantly  spread  through- 
out the  whole  legion  of  fiery  spirits,  and  out  they  all  shot  from  the  box, 
like  a  small  girandole  flight  of  sky-rockets,  to  the  great  terror  and 
discomfiture  of  the  female  experimenter.  This  firework  happened  when 
the  tips  of  the  matches  were  placed  downwards ;  and  complaints  of  the 
danger  being  made  to  the  match-maker,  he,  to  avert  it,  placed  the  tips 
upwards;  but  this  plan  was  even  worse  than  the  other,  for  if  great  care 
was  not  taken  in  withdrawing  a  match  from  the  vitriol-bottle  (and 
especially  in  the  dark),  it  might  touch  the  combustible  tips  of  the  others 
and  set  them  blazing  also;  but  they  Avould  not  be  projected  from  the 
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box,  as  in  the  downward  plan.  However,  both  these  inconveniencies 
were  soon  remedied,  by  making  a  little  tin  cover  to  the  match  depart- 
ment, and  giving  printed  directions  to  shut  the  cover  doAvn  upon  taking 
out  a  match;  and  if  this  did  not  light,  to  throw  it  away,  and  never  return 
it  to  the  case. 

The  chlorate  paste  was  gradually  improved,  and  the  matches  still 
more  perfected  by  tipping  them,  first  with  sulphur,  and  then  with  the 
paste:  thus  they  lighted  with  more  certainty;  frankincense  and  camphor 
were  sometimes  mixed  with  the  composition,  and  the  wood  of  the  match 
was  pencil-cedar,  so  that  a  fragrant  odour  might  be  diffused  during  the 
combustion.  It  was  soon  found  that  the  cork  of  the  bottle  became 
corroded  and  rotten,  and  the  vitriol  weakened  by  exposure  to  the  air. 
A  ground-glass  stopper  was  therefore  substituted  for  the  cork,  and  this 
again  covered  with  a  ground-glass  cap,  still  more  effectually  to  exclude 
the  air:  some  persons  preferred  touching  the  match  with  the  vitriol, 
instead  of  the  vitriol  with  the  match,  and  for  their  accommodation  an 
elongated  stopper  was  provided,  which  would  withdraw  a  drop  of  vitriol. 
Those  who  did  not  like  the  expense  of  caps  and  stoppers,  were  provided 
with  a  bottle,  having  a  plug  of  India-rubber,  instead  of  a  stopper  or 
cork,  for  that  substance  was  not  acted  upon  by  vitriol*. 

But  although  the  instantaneous-light  box  was  now  tolerably  perfect 
and  certain  in  its  operation,  half-a-crown  for  a  plain  box,  and  a  shilling 
per  hundred  matches,  was  a  high  price,  and  beyond  the  reach  of  every 
individual.  It  rapidly  fell  by  the  appearance  of  a  placard,  with  the 
following  announcement : — "  Save  your  knuckles,  time,  and  trouble  :  use 
Ileurtner's  Eupyrion,  price  one  shilling!"  and  accordingly  the  Eupyrion 
found  its  way,  like  magic,  into  the  parlour,  bed-room,  and  kitchen.  The 
housemaid,  whose  chapped  knuckles  had  many  a  time  and  oft  received 
the  gashing  stroke  of  the  flint,  when  striking  a  light  on  a  dark  frosty 
morning,  was  loud  in  the  praises  of  Hervperryon.  In  the  study  or 
parlour,  a  letter  or  hillet-doux  could  be  sealed  and  sent  off  quietly,  with- 
out "ringing  for  a  light;"  and  in  the  bed- room  a  light  could  be  obtained 
in  case  of  illness  or  sudden  emergency.  Almost  everybody  was  pos- 
sessed of  the  Eupyrion;  it  even  found  a  place  on  the  shelves  of  the  most 
celebrated  laboratory  in  this  country,  and  facilitated  many  of  the  opera- 
tions of  the  "  philosopher  by  fire." 

This  invention  consisted  of  two  tin  cases,  about  one  inch  and  a 
quarter  square ;  but  the  one  three  inches,  and  the  other 
about  an  inch  long,  they  were  soldered  together  thus, — 
the  shorter  one  holding  the  vitriol-bottle,  the  other  the 
matches  with  their  tips  upwards;  by  this  simple  aiTangement 
there  was  very  little  chance  of  any  accidental  combustion 
occurring,  as  the  bottle  and  matches  were  not  on  a  level ; 
the  composition  was  good,  the  vitriol  strong,  and  rarely  failed  to  produce 
an  instantaneous  light ;  the  cork  did  not  corrode,  partly  because  it  was 
covered  with  thin  lead,  and  partly  because  there   was  no  superfluous 


"  The  bottles  of  the  Instantaneous  Lights 
belonging  to  the  thermometer  for  mea- 
suring accessible  heights,  were  always  fitted 


with  plugs  of  India-rubber,  although  this 
plan  has  been  claimed  as  a  more  recent 
invention. 
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vitriol  in  the  bottle.  The  matches  soon  fell  in  price  to  four-pence  per 
hundred,  then  three-pence,  two-pence,  and  now  they  can  be  bought  for 
one  penny  per  hundred*. 

Dependent  upon  chlorate  matches  and  vitriol,  but  with  the  addition 
of  a  spirit-lamp  and  machinery,  appeared  "  the  day  or  night  self-illu- 
minating lamp,"  bearing,  in  letters  of  gold,  the  imposing  motto.  In  Hoc 
lumine  vinces.  It  was  rather  a  complicated  affair,  but  may  be  thus 
described.  To  the  elongated  stopper  of  the  vitriol-bottle  was  attached  a 
string,  passing  over  a  small  pulley  in  a  brass  standard,  fixed  to  the  box, ' 
and  this  string  was  carried  (like  the  line  of  a  bird-catcher's  trap,)  to  the 
bed-side  of  the  operator.  Upon  being  pulled,  the  stopper  rose  from  the 
bottle,  carrying  with  it  a  drop  of  vitriol,  and  the  same  movement  caused 
a  spring  to  press  a  match  in  contact  with  it ;  flame  resulted,  which  was 
caught  by  the  wick  of  the  spirit-lamp ;  but  as  the  flame  of  spirit  of  wine 
is  by  no  means  luminous,  the  operator  had  to  get  out  of  bed  after  all  his 
fire-catching,  and  put  the  wick  of  a  common  candle  to  the  spirit-lamp, 
in  order  to  illuminate  his  dormitory.  The  idea,  although  ingenious, 
hardly  warranted  the  assumption  of  the  travestied  motto,  in  hoc  lumine 
vinces ;  and  the  invention  never  came  into  general  use ;  its  price  also 
was  very  high. 

About  this  period  many  improvements  were  made  in  the  instan- 
taneous-light boxes,  which  it  is  impossible  here  to  enumerate,  but  the 
main  principle  remained  unchanged.  The  discovery  of  the  singular 
property  of  spongiform  platina  igniting  by  the  contact  of  a  jet  of 
hydrogen,  gave  rise  to  its  introduction  as  an  instantaneous  light-machine, 
and  the  apparatus  made  its  first  appearance  in  a  form  closely  resembling 
that  of  the  Volta's  machine  already  described,  excepting  that  no  elcctro- 
pliorus  was  required.  A  small  cup,  holding  a  bit  of  spongy  platina 
about  the  size  of  a  pea,  was  opposed  to  the  jet  of  gas  from  the  stopcock ; 
ignition  resulted  from  this  contact,  the  hydrogen  inflamed,  and  readily 
lighted  a  candle  or  lamp.  This  invention  underwent  a  great  variety  of 
complications  and  simplifications,  but  the  principle  remained  unaltered, 
and  it  is  employed  even  at  present,  but  it  is  quite  as  apt  to  explode  as 
the  inflammable  air-lamp,  and  even  more  subject  to  get  out  of  order. 
No  satisfactory  theory  of  its  action  has  been  offered,  and  all  we  know 
about  it  is,  that  when  extremes  meet,  light  results ;  that  is,  when  the 
heaviest  body,  platina,  comes  into  contact  with  the  lightest,  hydrogen, 
ignition  takes  place  ;  this  discovery  is  due  to  Dobereiner. 

But  now,  in  the  year  1836,  all  the  instantaneous  lights,  and  light- 
machines,  are  fast  retreating  before  the  powerful  host  of  "  Lucifers  and 
Prometheans." 


Lucifers  consist  of  chlorate  of  potash  mixed  with  sulphuret  of 
antimony  into  a  paste  with  starch,  the  ends  of  chips  of  wood  are  tipped 
with  this  composition,  which  inflames  upon  the  friction  of  glass-paper. 

*  Such  is  the  competition  at  present  in  the  instantaneous-light  trade,  that  one 
dozen  of  complete  "  fire-boxes"  may  be  bought  for  one  shilluig. 
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This  is  a  very  ready  means  of  getting  a  light;  but  tlie  sulphureous 
antimonial  vapour  emitted  during  the  combustion,  is  by  no  means 
pleasant,  especially  to  persons  of  weak  lungs. 

Prometheans  are  a  clever  refinement  upon  the  oxymuriate  matches, 
consisting  of  a  small  roll  of  waxed  paper,  in  one  end  of  which  is  a 
minute  portion  of  vitriol  in  a  glass  bulb,  hermetically  sealed,  and  sur- 
rounded with  chlorate  paste.  When  the  end  thus  prepared  is  pressed  so 
as  to  break  the  bulb,  the  vitriol  comes  in  contact  with  the  composition, 
and  produces  an  instantaneous  light ;  just  reversing  the  old  operation  of 
putting  the  match  into  the  bottle,  we  in  this  instance  find  the  bottle 
(the  bulb)  put  into  the  match.  This  invention  may  be  considered  as  the 
ne  plus  ultra  of  chlorate  matches;  but  prometheans  andlucifers  must  be 
used  with  caution,  and  should  never  be  carelessly  left  about.  For  the 
accommodation  of  cigar-smokers,  prometheans  are  made  with  touch- 
paper  ;  this  ignites  from  the  composition,  and  glows  without  flame,  like  a 
slow-match,  and  as  the  wind  will  not  extinguish  it,  a  good  cigar  may  be 
readily  lighted.  One  word  of  caution  to  stage-coach  travellers  who  use 
this  invention.  Take  care  when  the  burning  match  is  dropped,  or 
otherwise  the  coach  may  be  set  on  fire ;  never  throw  away  the  ignited 
remains  of  a  match  or  cigar,  in  the  vicinity  of  villages  or  farm-yards, 
or  perchance,  an  incendiary  fire  may  unwittingly  result. 

If  the  elements  of  a  promethean  were  inserted  into  the  end  of  a 
cigar,  it  would  light  upon  mere  pressure,  and  would  also  be  attended  mth 
the  advantage  of  informing  novices  which  was  the  proper  end  to  light ; 
many  young  sparks  for  want  of  knowing  this,  and  being  diffident  of  asking, 
very  frequently  light  the  ^vrong  end,  which  is  a  sad  inconvenience*. 
Such  then  is  a  short  history  of  the  rise,  progress,  and  present  state  of 
the  leading  varieties  of  instantaneous  lights. 

•  Some  contrivance  of  this  kind  has  been  adopted  by  our  transatlantic  neighbours 
since  this  paper  was  written. 
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Our  Journal  being  devoted  to  "  Popular  Science,"  does  not  imply  that 
■\ve  pass  over  physical  inquiries  on  account  of  their  abstruseness.  Our 
object  is,  on  the  contrary,  to  convey,  in  language  as  intelligible  r.s 
possible  to  general  readers,  the  facts  which  have  been  observed, — the 
laws  which  have  been  deduced  from  them, — and  the  methods  which 
have  been  employed,  in  the  different  researches  of  philosophers  for  the 
extension  of  science,  in  its  proper  sense  of  the  term.  With  this  object 
in  view,  we  have  given  analyses  of  several  memoirs  of  the  first  import- 
ance on  different  branches  of  physical  science  in  our  former  numbers, 
(as,  for  instance,  the  tides,  light,  and  terrestrial  magnetism ;^  and  we 
purpose  to  continue  this  plan  as  circumstances  shall  enable  us,  till  we 
have  laid  before  our  readers  a  succinct  account  of  the  present  state  of 
every  branch  of  physical  science. 

There  are,  however,  many  subjects  of  a  more  isolated  character, 
and  upon  which  very  little  is  actually  known  calculated  to  interest  others 
than  the  few  who  are  engaged  in  those  special  inquiries.  These  are  for 
the  most  part  published  in  the  transactions  of  scientific  societies.  On 
that  account,  we  think  it  will  best  meet  the  views  of  all  parties,  to  take 
those  transactions  when  they  appear,  and  give  of  the  several  papers  more 
or  less  extended  accounts,  as  their  interest  seems  to  demand;  and  occa- 
sionally interspersing  a  few  collateral  remarks  on  the  state  and  nature  of 
the  inquiry  generally.  Our  readers  will  then  be  often  able  to  ascertain 
whether  any  particular  dissertation  is  likely  to  be  of  interest  to  them- 
selves, and  often  perhaps  be  led  to  consult  a  memoir,  which  otherwise 
they  might  have  passed  over  in  ignorance  of  its  existence,  or  in  dread  of 
encountering  the  supposed  difficulties  of  its  mode  of  treatment  in  such 
memoirs. 

With  this  view,  we  commence  with  Part  I.  of  the  Philosophical 
Transactions,  just  published. 

I.   On  the  Empirical  Laws  of  the  Tides  in  the  port  of  Liverpool.     By 

the  Rev.  W.  Whewell,  M.A^  F.li.S. 
VIII.  Discussion  of  tJie  Tide  Observations  made  at  Liverpool.     By  J. 

W.  Lubbock,  Esq.  F.R.S. 
Xll.   On  the  Solar  Inequality,  and  on  the  Diurnal  Inequality  of  the 

Tides  at  Liverpool.     By  the  Rev.  William  Whewell,  F.R.S.,  Fellow 

of  Trinity  College,  Cambridge. 

We  have  already,  in  the  main,  given  the  results  of  these  researches  in  a 
former  number;  and  shall  at  a  future  time  resume  the  subject,  embody- 
ing therewith  some  other  investigations  relative  to  it. 

III.  An   Account  of  the  Great  Earthquake  experienced  in  Chile  on  the 
20th  of  February,  1835.     By  Alexander  Caldcleugh,  Esq.,  F.R.S. 

IV.  Some  Account  of  the  Volcanic  Eruption  of  Cosegiiina  in  the  Bay  of 

Fonseca,   commonly  called  the  Bay  of  Conchagua,  on  the  western 
coast  of  Central  America.     By  the  same. 

We  shall  publish  in  our  next  number  these  two  interesting  papers  entire, 
and  hence  abstain  from  any  analysis  of  them  here. 
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V.  Memoranda  made  duritig  the  appearance  of  the  Aurora  Borealis,  on 
the  ISth  of  November,  1835.     By  Charles  C.  Christie,  Esq. 

These  observations  were  made  from  the  drawing-room  window  of 
Deal  Castle,  and  from  the  top  of  the  building.  They  are,  perhaps,  the 
most  interesting  that  have  ever  been  recorded,  inasmuch  as  they  set  at 
complete  rest  the  question  respecting  the  region  of  the  Aurora.  They 
are  illustrated  by  four  lithograpliic  views  of  its  appearance  in  different 
stages,  without  seeing  which  any  description  must  fall  far  short  of  con- 
veying an  adequate  idea  of  the  phenomenon, — though  even  these  fall  far 
short  of  the  drawings  themselves,  which  we  had  an  opportunity  of  seeing 
on  the  night  the  paper  Avas  read.  The  subject  deserves  the  attention 
of  every  one  who  is  interested  in  inquiries  respecting  this  yet  unexplained 
phenomenon.  We  annex  Mr.  Christie's  concluding  remarks,  which  we 
are  assured  must  be  interesting  to  every  one. 

"  Having  at  the  time  no  instruments  for  determining  the  bearing  or 
altitude  of  the  arch,  I  was  obliged  to  depend  upon  the  positions  of  some 
conspicuous  stars,  which  were  conveniently  situated  for  that  purpose.  Ac- 
cording to  these  rough  data,  the  altitude  was  18° ;  the  angle  subtended  by  the 
span  of  the  arch,  about  130°;  the  bearing  of  the  centre  of  the  arch  north- 
north-west,  true,  or  very  nearly  magnetic  north;  and  the  arch  was  conse- 
quently at  right  angles  to  the  magnetic  meridian. 

"  The  body  of  light  was  nearly  colourless ;  its  brightness  was  similar  to 
that  seen  on  the  edge  of  a  cloud  when  the  moon  is  about  to  rise  behind  it, 
with,  however,  this  striking  difference,  that  the  stars  were  distinctly  seen 
through  the  dififused  light  of  its  upper  surface,  and  those  in  the  tail  of  the 
Bear  shone  clearly  in  the  very  body  of  the  light  on  the  right  hand. 

"  With  regard  to  the  sketches  with  which  I  have  attempted  to  illustrate 
the  preceding  notes,  it  is  necessary  to  observe,  first,  that  the  extent  of 
horizon  renders  it  impossible  to  give,  in  one  view,  any  idea  of  the  magnificent 
scale  on  which  the  original  was  depicted,  or  even  to  preserve  very  correctly 
the  relative  proportions  of  height  and  breadth  ;  and  next,  that  in  sketches  I. 
and  II.,  the  rapid  motions  of  the  bodies  of  vapoury  light,  and  of  the  flame- 
like  pencils,  must  be  held  in  mind :  the  former  bore  an  exact  resemblance  to 
the  faint  reflected  light  darting  across  the  sides  of  a  room  from  a  mirror 
turned  sharply  in  the  hand,  and  the  latter  to  the  lambent  flames  which 
diluted  spirit  of  wine,  poured  on  a  fiat  surface  and  ignited,  will  exhibit  when 
half  extinguished. 

"  The  pencils  which  appeared  in  front  of  the  dark  cloud,  of  which  there 
were  not  more  than  three,  were  very  distinct  in  their  character,  from  the 
others;  they  were  of  a  yellower  tinge,  and  extremely  narrow  throughout 
their  whole  height.  I  have  stated,  that  they  issued  from  tbe  dark  cloud ; 
perhaps  it  would  be  more  correct  to  say,  that  they  pierced  through  it ;  for 
although  I  did  not  observe  the  instant  of  their  appearance,  being  at  the 
moment  engrossed  by  the  display  on  the  left,  yet,  in  each,  the  brightness  of 
the  base,  which  was,  as  it  were,  the  nucleus  of  its  light,  seemed  to  warrant 
this  idea.  The  mere  circumstance,  however,  of  their  appearance  in  front  of 
the  cloud,  tends  to  elucidate  a  point  on  which  there  exists  much  difference  of 
opinion,  the  height  of  the  aurora  in  the  atmosphere.  The  dark  cloud  itself 
can  scarcely  be  supposed  to  have  occupied  a  very  elevated  region ;  and  it  is 
manifest,  that  if  these  brilliant  pencils  had  their  origin  in,  or  m  advance  of, 
the  cloud,  their  bases  must  have  been  of  inferior  altitude  to  its  upper  portion. 
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and  equally  so,  if  they  were  identical  with  any  continuation  of  the  luminous 
matter  of  the  arch,  concealed  by  the  cloud, 

"  The  first  appearance  of  the  aurora  at  nine  o'clock,  was  that  of  a  dark 
convex  cloud,  cutting  off  the  luminous  arch,  and  concealing  a  body  of  light 
behind,  the  eye  naturally  referring  the  light  to  a  more  distant  region,  while 
the  sharp  line  of  division  threw  the  cloud  forward.  Subsequent  appearances, 
however,  did  not  seem  to  confirm  this  notion,  but,  on  the  contrary,  induced 
me  to  consider,  whether  the  dark  cloud  might  not  be  a  substratum  of  matter 
differing  in  nature  and  density  from  the  superincumbent  arch  of  light.  The 
following  are  the  facts  which  appear  to  favour  this  supposition.  First;  every 
great  outbreak  of  coruscations  from  the  luminous  arch  produced  a  correspond- 
ing disturbance  in  the  part  of  the  cloud  immediately  below.  Thus,  during 
the  display  at  9^  IS"*,  the  arch  was  gradually  losing  its  regular  form  on  the 
right,  and  at  9*'  20™  I  noted  it  '  veiy  irregular,  with  a  large  indentation  on 
the  eastern  side,'  while  on  the  west,  where  the  body  of  light  was  undisturbed, 
the  arch  remained  perfect.  Thus  also,  immediately  after  the  western  half 
had  been  in  vivid  coruscation,  the  whole  of  the  arch  was  '  dilapidated,'  and, 
finally,  '  entirely  broken  up.'  Secondly  ;  neither  the  straight  nor  waving 
pencils  appeared  to  proceed  from  behind  the  cloud,  but  always  from  the 
upper  surface  of  the  light.  Thirdly;  when  the  arch  was  'dilapidated,'  it  was 
not  merely  its  upper  surface  which  was  of  irregular  form,  but  masses  of  it 
were  lying  in  confusion,  separated  from  each  other  by  a  boundary  of  light, 
not  appearing  in  the  least  as  if  light  behind  wei'e  shining  through,  but  rather 
as  if  the  substances  of  the  arch  and  cloud  had  unwillingly  interpenetrated 
each  other,  and  refused  to  mix  together  more  intimately,  while  at  the  same 
time  the  light  above  became  more  diffused,  and  of  diminished  brightness. 
Lastly;  when  at  9*'  35™  the  continuity  of  the  arch  is  restored,  it  remains 
'  of  irregular  undulating  form,'  while  fainter  pencils  continue  to  rise  from 
every  part;  at  9*'  55™  the  cloud  is  '  much  darker,'  ' the  pencillings  very  faint,' 
while  its  form  is  evidently  becoming  more  regular;  and  at  lo'*  20™  it  is 
nearly  perfect  in  form, '  strongly  defined  and  steady,'  the  pencillings  having 
ceased. 

"  All  these  circumstances  sti'uck  mc  as  so  closely  resembling  the  dis- 
turbance of  two  fluids,  the  one  superposed  on  the  other,  mutually  repulsive,  but 
compelled  to  mingle  by  forces,  of  whose  action  the  vividness  of  the  pencillings 
seemed  to  indicate  the  intensity,  and  requiring  intervals  of  repose  to  re- 
collect their  scattered  energies,  that  I  cannot  but  conclude  the  luminous 
matter  of  an  aurora  to  be  a  superincumbent  stratum,  and,  consequently, 
that  its  altitude  is  dependent  on  that  of  the  dark  mass  immediately 
beneath." 

VI.  On  the  Anatomical  and  Optical  Structure  of  the  Crystalline  Lens 
of  Animals.     By  Sir  David  Brewster,  K.H.  L.L.D.  F.R.S. 

This  important  paper  contains  the  results  of  the  examination  of  the 
superficial  structure  and  optical  properties  of  the  lenses  of  a  great  num- 
ber of  animals  and  fishes;  and  is  continuous  of  a  paper  in  the  Trans- 
actions for  1833,  by  the  same  author,  in  which  that  of  cod  is  particularly 
examined,  and  compared  with  those  of  a  considerable  number  of  birds 
and  fishes,  and  also  with  two  of  the  lizards. 

The  general  form,  geometrically  considered,  is  that  of  a  surface  of 
revolution,  the  axis  of  revolution  coinciding  with  the  axis  of  vision. 
There  is  only  one  exception  to  this — the  elephant,  whose  eye  approaches 
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to  the  general  ellipsoid  of  three  principal  axes  of  different  dimensions. 
In  this  case,  the  horizontal  axis  is  longer  than  the  vertical  one,  and  this 
longer  than  the  axis  of  vision. 

The  following  are  the  measures  of  two  different  specimens  of  the 
crystalline  lens: — 

Longest  diameter         .  0700,  and    0"784 

Shortest       „                 .  0-627,      „      0700                           J 

Thickness   „                 .  0-400,      „      0-450 

Ratio  of  the  diameters  1:1.125,      „   1:1116 

Of  these  ellipsoids  there  is  a  great  numher  approximating  very 
closely  to  the  sphere;  but  there  do  not  appear  to  be  any  yet  described  in 
which  the  axis  of  revolution  is  greater  than  the  other  axis  of  the  gene- 
rating ellipse.  In  short,  that  they  all  approximate  to  oblate,  and  never 
to  prolate  ellipsoids,  the  sphere  being  the  utmost  approach  to  that 
structure  which  is  yet  knowai. 

Though  this  is  so  often  the  case,  yet  in  the  greater  number  of  animals, 
the  generating  curve  is  not  an  ellipse.  It  has  been  usual  to  consider  it  like 
the  lenses  of  art,  as  composed  of  two  segments  of  different  ellipses, 
joined  together  at  a  common  face.  There  is  no  doubt  but  such  a  mode  of 
viewing  it  may  agree  pretty  well  as  to  general  appearance  with  the 
lenses  of  nature ;  but  it  is  altogether  unlikely  that  such  is  its  actual 
structure.  The  curve  is  doubtless  one  of  a  more  complicated  mechanical 
formation,  and,  possibly,  of  very  different  analytical  properties.  Still,  in 
the  present  state  of  physiological  science,  it  would  be  absurd  to  inquire 
further  into  this  subject;  and  it  is  enough  to  state,  that  the  curvature 
of  the  posterior  part  of  the  lens  is  generally  less  than  that  of  the 
anterior. 

The  eye  itself  is  composed  of  a  series  of  thin  strata,  of  parallel  sur- 
faces to  the  outer  one ;  that  is,  each  lamina  is  generated  by  a  similar  and 
similarly-situated  curve,  but  having  a  different  principal  parameter. 

Next,  as  to  the  striated  structure  on  the  surfaces  themselves,  Sir 
David  Brewster  enters  into  a  great  number  of  highly-interesting  re- 
searches. In  the  cod,  these  pass  round  from  one  pole  of  revolution  to  the 
other,  like  the  meridians  on  the  surface  of  a  globe;  and  each  fibre  is  so 
composed,  as  to  form  a  wavy  or  serrated  outline  on  each  side.  The  figure 
of  them,  when  enlarged,  very  much  resembles  the  indentations  made  by 
the  teeth  of  a  bevelled  cog-wheel,  if  rolled  along  a  soft  surface  capable 
of  retaining  the  impressions.  Sir  David  obtains,  as  a  probable  result  of 
his  measures,  that  "  in  the  lens  of  the  cod,  four-tenths  of  an  inch  in 
diameter,  the 

Number  of  fibres  in  each  lamina,  or  spherical  coat,  is  .  2,500 

„  teeth  in  each  fibre 12,500 

spherical  coat        ....      31,250,000 

fibres  in  the  lens 5,000,000 

teeth  in  the  lens 62,500,000,000 

or,  to  express  the  result  in  words,  the  lens  of  a  small  cod  contains  five 
millions  of  fibres,  and  sixty-two  thousand  five  hundred  teeth.  A  trans- 
parent lens  exhibiting  such  a  specimen  of  mechanism,  may  well  excite 
our  astonishment  and  admiration!" — Phil.  Trans.  1833,  p.  329. 
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This  structure  appears  to  be  universal  in  birds,  and  the  most  com- 
mon one  in  fishes.  In  the  mammalia  and  cetacea  it  has  not  been  disco- 
vered at  all;  and  in  many  kinds  of  fishes  a  different  one  is  found  to  exist. 

In  fishes,  the  figure  of  the  eye  generally  approaches  to  spherical; 
but  in  few  of  them  are  the  two  axes  quite  equal.  If,  now,  we  suppose 
a  short  horizontal  line  to  be  traced  upon  the  anterior  face  of  the  lens, 
and  an  equal  vertical  one  on  the  posterior  face,  each  passing  through  the 
pole  of  the  face  on  Avhich  it  is  traced;  then  the  fibres  emanate  from 
different  points  of  these  lines,  and  pass  round  the  equator  of  the  lens, 
till  they  terminate  in  a  corresponding  point  of  the  other  line  diametri- 
cally opposite  to  its  origin.  These  fibres,  except  those  which  emanate 
from  the  extremities  of  the  septa,  or  lines,  are  not  wholly  in  the  same 
plane,  but  pursue  a  winding  or  spiral  course.  They  are  curves  of  double 
curvature*;  which  yet  deviate  but  little  from  the  plane  to  which  they 
are  symmetrically  related. 

This  structure  he  found  to  prevail  in  twenty-six  fishes,  three  qua- 
drupeds, and  five  reptiles. 

He  then  proceeds  to  describe  the  more  complex  structures  of  the 
lenses  of  the  mammalia.  Except  the  hare,  the  rabbit,  and  the  Perameles 
nastita,  whose  structures  are  similar  to  those  of  fishes,  the  simplest  of 
these  is — three  lines,  or  septa,  radiating  from  each  pole,  forming  angles 
of  120°  with  each  other;  whilst,  if  all  the  septa  were  orthographically 
projected  on  the  equator  of  the  lens,  the  projections  of  the  posterior 
septa  would  bisect  the  angles  formed  by  those  of  the  anterior  ones,  and 
vice  versa;  they  would  resemble  lines  drawn  from  the  centre  of  a  regular 
hexagon  to  its  several  angles.  From  these  the  fibres  radiate  by  a  more 
bizarre  course,  and  finally  terminate  in  the  symmetrical  point  of  the 
opposite  septum.  The  serrated  structure  of  these  fibres  was  generally 
discernible.  The  figure  of  the  posterior  and  anterior  surfaces  was 
invariably  found  to  differ  in  convexity.  Forty-four  animals  were  found 
in  which  this  structure  prevailed:  and  one  anomalous  case  was  observed 
of  a  fish,  the  name  of  which  was  unknown,  caught  near  the  Azores. 

A  fourth  variety  was  observed  in  most  of  the  cetacea  examined. 
The  septa  were  here  four,  forming  on  each  surface  a  rectangular  cross; 
the  projections  of  the  two  crosses,  as  in  the  last  case,  bisecting  each 
other's  angles. 

A  fifth  is,  where  the  second  structure  terminates,  in  two  branches 
at  right  angles  to  each  other,  and  making  equal  angles  with  the  original 
septa;  and  a  sixth,  where  the  third  structure  so  terminates:  the  fibres, 
in  all  cases,  terminating  in  symmetrical  points  of  the  opposite  septa. 

Sir  David  also  examined  these  lenses,  with  respect  to  their  several 
influences  upon  polarized  light.  These  do  not  appear  to  show  the  same 
kind  of  regularity  that  the  structure  might  at  first  sight  lead  us  to  expect. 
For  instance,  the  hare  depolarized  two  series  of  luminous  sectors,  the 


*  Sir  David  Brewster,  for  what  reason 
we  know  not,  has  called  these  figures 
"  curves  of  contrary  flexure."  This  term 
had  already  been  appropriated  to  designate 
a  character  of  plane  curves,  whilst  the 
other  had  been  as  regularly  employed  to 
express  curves   not  lying   in  one  plane. 


We  should  not  have  alluded  to  so  incon- 
siderable an  oversight  (for  such  it  most " 
likely  is),  except  to  warn  his  readers  of  the 
error  of  his  phraseology,  and  prevent  such 
a  perversion  of  the  use  of  terms  already 
and  universally  appropriated  to  distinct 
and  specific  purposes. 
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inner  sectors  liaving  the  tiegnlive  structure,  like  calcareous  spar,  and  the 
(mter  sectors  tlie  positive  structure,  like  zircon;  whilst  the  depolarized 
.sectors  given  by  the  rabbit  were  whollij  fiegative.  In  the  salmon,  whose 
fibres  have  the  same  anatomical  structure,  the  eye  depolarized  three 
sectors  of  light,  the  inner  and  outer  series  being  negative,  and  the  inner 
positive. 

VII.  0?i  an  Artificial  Substatice,  resembling  Shell.  By  Leonard 
Horner,  Esq.,  F.ll.S.  L.  and  E.,  with  an  examination  of  the  same. 
By  Sir  David  Brewster,  L.L.D.,  F.R.S. 

On  going  through  the  bleaching-  grounds  of  Messrs.  Finlay  and  Co., 
of  Catrine,  some  time  ago,  Mr.  Horner  was  struck  with  the  unusual 
appearance  of  a  part  of  the  machinery,  which  at  a  distance  appeared  to 
be  of  brass ;  but  on  a  closer  inspection  he  found  it  to  be  a  large  circular 
wooden  box,  coated  with  an  incrustation  of  a  brown  compact  substance, 
having  a  highly-polished  surface,  a  metallic  lustre  in  some  places,  beau- 
tifully iridescent,  and  when  Ijroken,  exhi1)iting  a  foliated  texture. 

The  part  of  the  machinery  on  which  he  observed  this  deposit,  is 
a  large  circular  box  (called  the  ]  )asli-Avheel)  revolving  on  a  horizontal 
axis.  Its  purpose  is  to  rinse  the  cloth  in  pure  water  after  it  has  been 
boiled  and  steeped  in  the  bleaching-liquors.  It  turns  at  the  rate  of 
twenty-two  revolutions  in  a  minute. 

The  uses  to  which  it  was  applied  obviously  intimated  the  source 
where  to  search  for  the  origin  of  the  deposited  substance.  The  infor- 
mation he  received  was,  that  it  was  an  incrustation  of  carbonate  of 
lime ;  and  he  very  naturally  inquired.  Whence  the  bro^vn  colour  and  the 
metallic  nacreous  lustre?  If  the  substance  was,  as  he  conjectured, 
analogous  to  shell,  whence  could  the  animal  matter  be  derived?  He 
thus  traces  its  j^robable  history. 

"  The  cutton-clotb  is  brought  to  the  bleach-field  in  the  state  in  which  it 
is  taken  from  the  weaver's  loom.  The  first  process  is  to  steep  it  in  water  for 
several  hours,  after  which  it  is  immersed  in  cream  of  lime.  This  is  made  in 
the  following  manner;  fresh-burned  lime  is  slaked  and  passed  through  a  fine 
sieve,  and  added  to  water  in  the  proportion  of  38 lbs.  of  dry  lime  to  1000 lbs. 
of  cloth.  The  cloth  is  boiled  in  this  liquor  from  four  to  six  hours,  the  lime 
acting  as  an  alkali ;  and  it  is  used  only  from  being  considerably  cheaper  than 
potash  or  soda.  After  this  boiling,  the  cloth  is  taken  to  the  dash-wheel  to  be 
thoroughly  cleared  of  the  lime,  which  is  effected  by  its  being  tossed  about  for 
ten  minutes  in  clear  water  in  the  interior  of  one  of  the  compartments  into 
which  the  wheel  is  divided.  Here,  then,  is  the  source  of  the  calcareous 
matter  of  the  incrustation;  and  we  have  the  lime  dissi)lved  or  suspended  in 
the  water  in  a  state  of  extremely  minute  division,  and  from  which  it  is  depo- 
sited, most  probably,  by  a  partial  evaporation.  It  is  difficult  to  say  whether 
the  deposit  takes  place  while  the  wheel  is  revolving,  by  the  water  being 
broken  into  a  kind  of  spray,  and  so  presenting  a  greater  surface  for  evapo- 
ration, or  during  the  night,  when  the  wheel  is  still :  some  of  the  properties, 
to  be  afterwards  described,  render  the  latter  suppositiori  the  most  probable. 
But  in  whatever  way  it  takes  place,  the  operation  is  an  exceedingly  gradual 
one ;  for  the  wheel  had  been  in  constant  use  for  ten  years,  and  the  coating  in 
the  interior  did  not  exceed  one-tenth  of  an  inch  in  thickness.  It  had  been  in 
operation  about  two  years  before  any  perceptible  deposit  showed  itself  in  tho 
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inside ;  but  it  had  not  been  going  half  a  year  before  an  incrustation  began  to 
be  formed  on  the  outside  of  the  wheel.  I  remarked  that  the  deposit  was  in 
greatest  quantity  around  the  orifice  where  the  cloth  is  put  in  and  taken  out. 
The  deposit  in  the  interior,  and  which  coated  the  whole  surface  of  the  com- 
partment, was  of  a  darker  brown  colour,  and  was  as  smooth  and  splendent  as 
a  lining  of  highly-polished  bronze  would  have  been.  The  high  polish  is  no 
doubt  partly  produced  by  friction ;  and  I  observed  that  it  was  highest  on  that 
part  of  the  outside  nearest  the  opening. 

"  So  far  we  have  calcareous,  but  no  animal,  matter ;  but  in  going  a  little 
further  back  in  the  history  of  the  process  to  which  the  cotton  had  been  sub- 
jected, before  it  came  to  the  bleach-field,  I  discovered  that  animal  matter 
might  be  contained  in  the  incrustation.  I  learned  that  the  cloth  had  been 
woven  in  power-looms ;  and  on  making  inquiry  as  to  the  composition  of  the 
dressing  or  paste  used  to  smooth  and  stiffen  the  warp  before  it  is  put  into  the 
loom,  I  was  told  that  in  the  factory  from  whence  the  cloth  had  come,  it  is 
the  practice  to  mix  glue  with  the  wheaten  flour,  generally  in  equal  pro- 
portions by  weight. 

"  We  have  thus  lime  and  gelatine,  the  same  materials  which  are 
employed  by  the  molluscous  animal  in  the  formation  of  its  covering,  and 
apparently  in  the  same  degree  of  minute  division  as  that  in  which  they  are 
exuded  from  its  mantle." 

He  then  gives  the  chemical  examination  of  the  substance,  and 
shows  very  clearly,  that  this  substance  is  formed  by  a  process  very  ana- 
logous to  that  by  w^liich  the  shells  of  the  mollusca  are  generated. 

Its  optical  properties  are  then  exhibited  in  a  letter  from  Sir  David 
Brewster.  In  point  of  hardness  it  lies  between  calcareous  spar  and 
Oriental  pearl  on  one  side,  and  mother-of-pearl  and  oyster-shell  on  the 
other.  He  considers  that  in  its  polarizing  structure  this  new  substance 
has  the  same  relation  to  calcareous  spar,  that  mother-of-pearl  has  to 
arragonite. 

When  we  look  through  the  substance  perpendicularly  to  the  sur- 
face, the  candle  appears  surrounded  by  a  halo  of  nebulous  blaze;  but  if 
it  be  ever  so  little  inclined  to  the  axis  of  vision,  in  any  azimuth,  the  light 
is  separated  into  three  distinct  parallel  crescents  (like  the  moon  when 
two  or  three  days  old),  having  their  concavity  towards  the  end  of  the 
plate  nearest  the  eye.  In  the  middle  one,  only  the  flame  of  the  candle 
appears.  The  inner  and  middle  crescent  are  polarized  in  a  plane  pass- 
ing through  the  direction  of  their  length ;  whilst  the  outer  one,  and 
the  image  of  the  candle  itself,  are  polarized  in  the  opposite  plane. 

Sir  David  then  gives  the  rationale  of  these  phenomena,  which  to 
us  appears  perfectly  satisfactory;  and  he  deduces  some  conclusions  of 
importance  in  respect  to  the  colours  of  the  different  pearly  substances. 

IX.  Geometrical  Investigations  concerning  the  Phenomena  of  Terres- 
trial Magnetism.  Second  Series: — On  the  number  of  Points  at 
which  a  Magnetic  Needle  can  take  a  position  vertical  to  the  Earth^s 
Surface.  By  Thomas  Stephens  Davies,  Esq.,  F.R.S.  L.  <^  E.  Royal 
Military  Academy. 

We  have  already  given  an  analysis  of  this  paper  in  the  Horx  Mag- 
netics in  our  sixth  number. 
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X.  On  Voltaic  Combinations.     In  a  Letter  to  Michael  Faraday,  D.C.L.^ 

F.R.S.      By    J.   Frederic   Daniell,    Esq.,  F.R.S.      Professor   of 
Chemistry  in  Kings  College,  London. 

XI.  Additional  Observations  on   Voltaic  Combi7iations,  in  a  letter  from 
the  same  to  the  same. 

The  object  of  these  papers  is  to  describe  a  method  of  constructing 
a  battery,  whose  action  should  be  uniform — an  object  of  paramount 
importance  in  all  researches  concerning  the  laws  of  voltaic  action.  In 
accomplishing  this,  Professor  Daniell  has  been  altogether  successful;  and 
we  trust  the  apparatus  thus  put  into  our  hands  will  soon  lead  to  some 
definite  results,  from  which  a  mathematical  theory  will  be  ultimately 
educed.  The  papers  do  not  admit  of  abridgment,  nor  of  an  effective  ana- 
lysis, without  employing  figures;  and,  indeed,  all  whom  it,  from  their 
studies,  is  calculated  to  interest,  ynW  make  a  point  of  reading  it  for 
themselves. 

XIII.  On  the  Action  of  Light  upon  Plants,  and  of  Plants  upon  the 
Atmosphere.  By  Charles  Daubeny,  M.D.,  F.R.S.,  Professor  of 
Chemistry  in  the  University  of  Oxford. 

It  was  a  wise  course  pursued  by  the  College  of  Physicians  in  the  case  of 
Dr.  Daubeny,  to  grant  him  a  plurality  of  ofiices — professor  of  botany, 
when  he  was  already  professor  of  chemistry.  It  was  solicited,  we 
believe,  in  order  to  be  able  to  carry  on  the  researches,  of  which  we  have 
here  the  first  fruits;  and  granted  for  the  sole  purpose  of  effecting  a 
series  of  experiments,  which  under  other  circumstances  could  never  have 
been  performed. 

Perhaps,  upon  the  whole,  there  is  nothing  very  surprising  in  these 
results  to  the  lovers  of  mere  novelty,  and  the  "  hunters  of  wonderment." 
Oftentimes  we  are  led  to  infer,  from  incomplete  evidence,  certain  con- 
clusions which  are  really  true ;  and  we  are  therefore  too  apt  to  under- 
value the  labours  of  him  who  demonstrates  that  truth  to  us  conclusively. 
It  would,  however,  be  easy  to  show  that  opinions  apparently  as  well 
founded  as  these  were,  have  yet  been  found  utterly  false;  and  for  any- 
thing we  knew  to  the  contrary,  before  the  experiments  detailed  in  this 
paper,  these  might  have  been  fallacies  as  egregious  as  many  others  which 
are  now  exploded.  We  trust,  however,  that  Dr.  Daubeny  will  follow 
up  these  inquiries  with  his  own  characteristic  ardour;  and  complete  the 
experimental  discussion  of  the  relation  between  the  chemical  and  physiolo- 
gical action  of  plants  in  combination  with  those  agencies  which  have  any 
influence  upon  them. 

We  can  here  only  give  his  own  synoptical  table  of  the  "  scheme  of 
experiments,"  and  refer  our  readers  for  the  details  to  the  elaborate  dis- 
sertation itself. 
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In  causing  the  leaves 
to  emit  oxygen,  and 
to  decompose  car-'' 
bonicacid 


SCHEME  OF  EXPERIMENTS. 
Part  I. — On  the  Action  of  Light  upon  Plants. 

I.  Solar  light.  /  Immersed  in  water.  Triedvnth  I.  Brassicaole- 
A.  direct.                                              I  racea ;  2.  Salicornia  her- 

bacea  ;  3.  Fucus  digita- 
tus;  4.  Tussila^o  hybri- 
da  ;  5.  Cochlearia  Armo- 
racia ;  6.  Mentha  viri- 
dis;  7.  Rheum  rhapon- 
ticum;  8.  Allium  ursi- 
num;  and  several  spe- 
cies of  GraminecB, 
Jn  atmospheric  air.    Tried  with  Geraniums. 

1  »•  1  i  J         vTried  with  Beans, 

when  etiolated    ...  J 

3.  To  maintain  their  ir-j  Tried   with    the    Sensitive    Plant    {^Mimosa 
ritability  f         pudicd). 

4.  To  exhale  water  by  1  Tried   with    Vines,    Dahlias,    Helianthuses, 
their  leaves )         Lavatera  arborea,  &c. 

5.  To  absorb  the  samel  Tried  with  plants  of  Helianthus  annuus,  Sa- 
by  their  roots I         gittaria  sagittifolia,  Vines,  &c. 

I  Tried  with  the  Geranium,  Myrtle,  and 
Polypodium,  so  far  as  regards  its  rela- 
tive influence  in  causing  the  emission 
of  oxygen. 

II.  Artificial  light,  obtained  A.  from  lamps.     Tried  by  Professor  Decandolle. 

B.  from  incandescent  lime.      Tried  by   myself,   but  no 
influence  detected. 


2.  To    become 


Ti   j'o-      J      I  Its  influence  compared  with 

fl"^t  fi       that  of  direct  solar  light 

re  ec  e  .  I       j^  ^j^^  above  particulars. 


Part  II. — On  the  Action  op  Plants  upon  the  Atmosphere. 

Maximuin  in- 
crease i»er  cent, 
of  oxygen. 

SCupressus  2 
Cedrus    3-75 
Syringa  vulgaris    ...  8*75 
Ditto  6-50 
.    „„^ Pelargonium 2-00 


n. 


,  Proportion  be- 
tween the  ef 
fects  attribu- 
table to  their' 
action  during 
the  night  and 
during  the  day. 


During  fine  wea- 
ther, and  in 
bright  sun- 
shine. 

During  bad  wea- 
ther, or  in  dif- 
fused light. 


leaves  alone,  viz. 


Ditto  6-00 

Crassula,  2  sp 0  '00 

Mesembryanthemum  2 '40 

'^Dahlia    3-00 

Of  plants  with  flowers  f  Dahlia    3*75 

and  leaves.  \  Helianthus I  'OO 

Syringa  persica  3  per  cent. 

Geranium,  Myrtle,  Fern,  as  noticed  above. 


II.  Proportion  between  the  car 
bonic  acid  absorbed  and  oxy- 
gen evolved. 

III.  Greatest  amount  of  oxygen 
that  can  be  added  to  the  air  of 
a  jar  by  the  influence  of  a 
plant. 


IV.  At  what  stage  in  the  scale 
of  vegetable  life  the  function 
of  purifying  air  stops. 


My  experiments  show  that  when  plants  are  con- 
fined the  former  is  always  greatest  at  first ;  but 
this  may  not  continue  to  be  the  case  after  a  cer- 
tain interval. 

My  experiments  show  that  at  least  18  per  cent,  of 
oxygen  may  be  so  added. 

Probably  where  there  cease  to  be  leaves, — I  have 
shown  that  it  exists  in  dicotyledonous  and  mono- 
cotyledonous,  in  evergreens  and  deciduous,  in 
terrestrial  and  aquatic  plants,  in  the  green  parts  of 
succulents,  as  well  as  in  ordinary  leaves,  in  Algse 
and  in  Ferns  as  well  as  in  phanerogamous  families. 

Prof.  Marcet  has  shown  that  it  does  not  take  place 
in  Fungi. 
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XIV.  Researches  on  the  Integral  Calculus^  Part  I.     By  II.  F.  Talbot, 
Esq.,  F.R.S. 

On  the  ulterior  object  of  these  researches,  we  cannot  pretend  to  offer  a 
conjecture;  but  so  far  as  they  at  present  extend,  they  are  full  of 
interest.  We  are  not,  however,  without  hope  that  a  course  of  new 
inquiries  is  here  opened,  which  will  in  the  end  lead  to  the  solutions  of 
various  physico-mathematical  problems  wliich  have  resisted  the  united 
efforts  of  all  geometers  who  have  hitherto  attempted  them. 

It  is  familiarly  known  that  every  problem  which  natural  philosophy 
presents  to  the  mathematician  is  ultimately,  and  Avithout  much  difficulty, 
reduced  either  to  the  solution  of  an  equation,  or  to  a  series  of  integra- 
tions. So  far  as  "  algebraic  equations"  are  concerned,  this  difficulty  has 
been  entirely  removed  by  living  geometers,  Horner  and  Sturm.  In  the 
case  of  transcendental  equations,  no  general  method  of  direct  solution  is 
known;  but  the  rule  of  Double  Position  is  found  in  most  cases  to  be 
effective, — though  the  immense  labour  which  it  requires  is  often  too 
great  to  admit  of  its  application  to  the  cases  which  present  themselves. 
Much,  therefore,  remains  to  be  done;  and  most  probably  the  ultimate 
method  of  solution  of  such  problems  that  will  be  arrived  at  is,  the  inven- 
tion of  methods  of  developement  in  rapidly  converging  series,  a  few  of 
whose  terms  may  be  taken  as  a  sufficient  approximation  to  the  sum  of 
the  whole. 

The  differentiation  of  a  function  can,  in  general,  be  easily  effected — 
as  is  the  case  with  all  direct  mathematical  processes;  but  the  differential 
expression  itself  that  is  given,  whether  taken  at  hazard,  or  resulting 
from  the  expression,  in  mathematical  symbols,  of  a  physical  hypothesis, 
may  not  be  such  as  coidd  have  resulted  from  any  direct  differentiation. 
In  such  case,  we  may  infer  at  once  that  its  integral  cannot  be  exhibited. 
Such  an  expression  can,  however,  always  be  integrated  if  conjoined  with 
some  other  expression  of  a  more  or  less  complicated  character.  But  this 
does  not  alter  the  state  of  the  difficulty,  except  the  expression  thus 
added  to  the  given  one  does  itself  admit  either  of  immediate  integration 
or  of  a  similar  reduction  into  an  integrable  part  and  another  which  is 
similarly  reducible,  so  that  by  continuing  this  process  we  at  last  arrive  at 
an  expression  which  is  wholly  integrable. 

Of  course  it  is  difficult  to  say,  beforehand,  what  expressions  are 
integrable,  since  an  affirmation  of  that  nature  would  imply  a  knowledge 
of  the  differentials  of  every  possible  expression  to  be  present  to  the 
mind, — a  supposition  that  would  be  perfectly  absurd.  There  is,  indeed, 
a  test,  whether  an  expression  of  several  variables  be  an  exact  integral  or 
not;  but  this  does  not  apply  to  the  case  of  a  single  variable;  and  even  in 
the  cases  to  which  it  does  apply,  its  application  is  sometimes  very  dif- 
ficxilt,  from  the  different  forms  under  which  its  results  are  exhibited. 
What  is  still  worse,  when  the  integrating  factor  is  found,  we  have  still 
scarcely  any  clue  furnished  by  it  to  the  ultimate  solution  of  the  differen- 
tial equation. 

As  to  the  method  of  integration  by  series,  that  is,  by  developing 
the  function  attached  to  rfj;  in  series,  though  by  different  aitificcs  ren- 
dered available  to  a  great  number  of  actual  problems,  it  is  not  in  a 
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gcncrul  condition  to  be;  adapted  to  the  wants  of  the  inquirer,  inasmuch 
as  the  instances  are  very  few  in  which  the  series  is  sufficiently  conver- 
gent to  be  calcuUited  in  numbers;  and  in  no  case  does  it  furnish  any 
material  assistance  in  judging  of  the  general  character  of  the  phenomenon 
it  is  intended  to  express,  or  of  the  analytical  nature  of  the  function  itself. 

A  great  number  of  physical  problems,  viewed  merely  as  such,  are 
sufficiently  solved  if  we  can  ascertain  the  value  of  the  integral,  when 
taken  between  certain  limiting  values  of  the  variable.  This  has  given 
rise  to  the  calculus  of  definite  inlegrals.  This  method,  however,  as  a 
mathematical  process,  is  still  in  its  infancy;  though  some  specimens, 
given  by  Mr.  Murphy  in  the  Cambridge  Transactions^  of  attempts  at  a 
general  method,  lead  us  to  hope  that  it  may  yet  be  rendered  more  per- 
fect and  effective  than  it  at  first  seemed  capable  of  becoming. 

The  inquiry  respecting  the  algebraic  expression  of  the  values  of 
integrals  between  given  limits — or  rather  requiring  the  second  limit  to 
be  found,  the  first  being  given — originated  with  Fagnani,  about  J  714. 
lie  published,  in  1715,  in  the  Giornale  de  Letter  all  d' Italia,  a  solution  of 
the  problem — given  the  equation  of  the  parabolic  curve  x^  z=.  y  (where 
n  is  3,  ^,  |-,  f ,  ^,  or  \)  and  an  arc  of  it,  to  find  another  arc  of  it,  so  that 
their  difference  may  be  rectifiable."  Again,  in  1718,  he  published  a 
variety  of  important  theorems  respecting  the  ellipse,  hyperbola,  and  lem- 
niscate,  in  which  he  showed  how  to  find  two  arcs  whose  difference 
should  be  a  straight  line.     This  gave  rise  to  a  more  extended  inquiry. 

The  expression     .  ,       ;>  3   ,     =;   <lo6s  not  admit  of  an 

exact  integral  directly  obtainable  by  any  knoAvn  means;  but  Euler 
showed  that  by  taking  another  function  in  y  similar  to  this  in  its  form, 
and  identical  in  its  constants,  the  sura  or  difference  of  the  two  might  be 
integrated  in  an  algebraic  form.  Many  important  consequences  followed 
from  this  result,  and  many  attempts  to  extend  the  method  to  other  forms 
of  the  radical,  and  to  a  greater  number  of  terms,  have  been  made  by 
subsequent  mathematicians.  In  1792,  Legend  re  read  to  the  French 
Academic  a  memoir*  whose  object  was  to  classify  and  arrange  the  elliptic 
integi-als  which  were  implicitly  contained  in  Euler's  solution.  He  sub- 
sequently expanded  this  paper,  and  published  these  extended  researches 
in  a  work  entitled  Exercices  du  Calcul  Integral,  in  three  vols.,  quarto, 
Paris,  181 1 .     His  tables  are  peculiarly  valuable. 

Putting  R  =  x"  -f-  rtx"~^  -f  .  .  .  .  (w  being  any  whole  number). 


and  P  a  function  of  the  same  form,  x"  4-  «,  x™"^  + 


the  lamented 


Abel  of  Christiana,  published  in  1828,  gave  an  expression  for  the  sum  of 

d'V  dx 
a  series  of  integrals  of  the  form   ./     -p-.         The    steps   by   which   he 

arrived  at  his  formula  were  never  published. 

In  1834,  Poisson,  in  a  paper  published  in  Crell's  Berlin  Journal,  has 
considered,  several  forms  of  such  integrals,  which  are  not  comprehended 


"  In  1809,  a  translation  of  this  valu- 
able memoir  was  printed  in  Leybourn's 
Mathematical  Repository ;  and  it  is  morc- 
ever  remarkable  as  containing  the  fii-st 
introduction  of  the  notation  and  termino- 


logy of  the  differential  calculus  into  English 
books.  This  was  at  least  ten  years  prior 
to  its  mtroduction  into  the  Cambridge 
works. 
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in  Abel's  theorem ;  and  it  hence  appears  that  this  celebrated  result  is 
not  given  in  all  the  generality  of  which  it  is  susceptible. 

This  is  the  state  in  which  Mr.  Talbot  found  the  problem; — that  is, 
when  he  came  to  examine  what  had  been  done  by  others,  though  he  had 
obtained  his  chief  results,  and  was  in  possession  of  his  general  method 
several  years  before  Abel's  theorem  was  made  public.  The  problem 
which  he  here  proposes  to  solve  is: — "To  find  the  sum  of  a  series  of 
such  integrals  as  y"^(R)dx,  B  being  any  entire  polynominal,  and  (f>  any 
function  whatever." 

The  history  illustrated  by  examples  which  he  gives  of  his  own 
progress  in  these  researches,  is  highly  judicious  and  instructive.  It  is, 
however,  impossible  to  give  a  condensed  and  intelligible  account  of  his 
processes  within  the  limits  of  this  Magazine :  nor,  till  the  whole  series  is 
before  us,  would  it  be  possible  to  do  the  method  that  full  justice  which 
it  very  obviously  demands.  Tavo  methods  of  proceeding  have  already 
been  developed, — the  one  of  which  is  founded  on  a  "  change  of  the 
conditions,"  shown  to  be  necessary  in  the  other  for  the  solution  of  the 
problem  in  all  its  generality,  l^ie  whole  process  is  founded  on  the 
method  of  "  integrating  by  parts,"  a  series  of  symmetrical  functions 
of  the  assumed  variables.  Yet  we  would  not  have  our  readers  think, 
because  its  first  principles  are  known  ones,  that  its  results  have  ever 
been  anticipated,  or  its  current  processes  ever  employed  before. 

This  paper  terminates  the  part;  and  we  would  earnestly  recommend 
its  attentive  perusal  to  every  mathematician  who  feels  interested  in  the 
progress  of  his  science.  We  may  state,  moreover,  that  it  is  not  a  difii- 
cult  paper  to  read.  There  is  none  of  the  quackery  of  new  symbology,  or  of 
the  mystified  and  unsatisfactory  reasonings  which  so  much  disgrace  too 
many  of  "  the  most  learned"  mathematical  papers  of  the  present  day,  to 
be  found  in  this;  and  no  acquaintance  with  other  writers,  beyond  the 
mere  elementary  ones,  is  required  to  enable  the  reader  to  comprehend 
it  fully. 


ON  THE  SIGNS  OF  MULTIPLICATION, 
DIVISION,  Etc. 

In  our  fifth  number,  (vol.  i.,  p.  291,)  we  offered  a  conjecture  respecting 
the  origin  of  the  signs  +  and  — .  Since  then,  the  writer  has  received 
from  a  friend,  the  most  eminent  mathematical  antiquary  of  the  present 
age,  and  a  distinguished  professor  in  the  University  of  Oxford,  another 
conjectural  mode  of  deriving  these  symbols.  An  extract  from  his  letter 
is  placed  below ;  and  we  proceed  to  lay  before  our  readers  the  best  in- 
formation that  is  possessed  respecting  a  few  others. 

The  Symbol  of  Multiplication,  y ,  was  first  used  by  Oughtred;  and  he 
prefaces  its  introduction  simply  with  the  remark : — "  Multiplicatio 
speciosa  connectit  utramque  magnitudinem  propositam  cum  nota  in  vel 
X  ;  vel  plerumque  absque  nota,  si  magnitudinis  unica  litera.  Et  si 
signa  sint  similia,  producta  magnitude  erit  affirmata :   sin  diversa  negata. 


MULTIPLICATION    AND    DIVISION. 


221 


Effertur  autem  per  in.*"  It  probably  was  used  as  a  variation  of  the 
form  of  the  symbol  + ,  the  operation  of  multiplying  being  merely  a 
substitution  for  that  of  addition,  in  the  case  where  all  the  numbers  to 
be  added  are  equal  to  one  another.  We  had,  indeed,  before  we  were 
aware  of  this  passage,  imagined  it  to  be  a  contracted  representation  of 
the  "  hand-in-hand,"  and  to  designate  perfect  union  or  amalgamation. 
That  passage,  however,  does  not  seem  compatible  with  such  an  hypo- 
thesis ;  as  in  such  case,  some  remark  on  the  subject  would  in  all  pro- 
bability have  been  made  to  point  out  the  views  by  which  he  was  led  to 
it,  and  to  enforce  its  adoption  by  others. 

The  Symbol  of  Division,  -j- ,  is  merely  a  contracted  mode  of  designating 
the  positions  of  the  divisor  and  dividend  in  the  old  Italian  mode  of 
operating.  It  was  employed  in  the  first  place  to  concentrate  the  matter 
on  a  printed  page ;  as  it  requires  two  lines  to  express  it  fractionally,  and 
only  one  to  express  it  by  means  of  this  interposed  symbol  f. 

The  Sign  of  Equality,  in  its  present  form,  = ,  was  first  employed  by 
Recorde.  He  gives  his  reason  thus: — "and  to  avoid  the  tediouse  repeti- 
tion of  these  woordes  :  is  equalle  to  :  I  will  sette  as  I  often  doe  in  woorke 
use,  a  paire  of  paralleles  or  gemowe  lines  of  one  lengthe,  thus,  =r, 
because  noe  two  thynges  can  be  moare  equalle." — Whettestone  of  Witte, 
p.  105.  Harriot,  also,  apparently  used  it,  without  any  knowledge  of 
Recorde  having  done  so  before  him. — Ars  Praxis  Analytica,  p.  10. 

Before  this  time,  and  for  a  long  period  subsequently  on  the  conti- 
nent, the  symbol  of  equality,  was  X  ,  or  Do,  which  is  very  evidently  the 
initial  diphthong  se,  of  cequalis  X- 

The  Symbols  of  Greater  and  Less,  viz.  >  and  <,  were  invented  by 
Harriot,  and  first  appeared  in  Warner's  publication  of  the  Ars  Praxis 
Atialyticce,  some  years  after  the  death  of  that  extraordinary  man§.  See 
that  work,  p.  10.  They  are  very  appropriate,  the  point  being  in  both 
cases  directed  towards  the  less  quantity,  and  the  opening  towards  the 
greater.  The  sign  of  inequality,  without  asigning  which  is  the  greater, 
viz.,  -^tr  ,  is  6f  modem  date,  and  we  are  not  quite  certain  who  was  the 
first  to  use  it.  It  is  merely  the  sign  of  equality,  "  crossed  out."  Girard 
used  ff  and  §  for  greater  and  less,  or  for  >  and  < . 

As  a  conjecture  respecting  the  symbol  c/)  placed  between  two 
quantities  to  signify  their  difference  without  assigning  which  was  the 
greater,  we  have  heard  a  very  eminent  scientific  gentleman  express  his 
opinion  that  it  is  the  letter  s,  employed  as  the  initial  of  subtrahere :  but 
we  rather  incline  to  think  it  a  modification  of  the  manuscript  d.  Of 
this  the  reader  may  easily  satisfy  himself  by  writing  the  small  d  with  the 


•  Clavis  Mathematica,  p.  10,  Edit. 
Quinta,  1698. 

t  A  very  ample  account  of  the  history 
of  arithmetical  operations  may  be  seen  in 
Leslie's  Philosophy/  of  Arithmetic,  or  in 
Peacock's  Arithmetic  in  the  Encyclop. 
Metropol, 

J  A  mark  very  similar  to  this  has  been 
employed  to  designate  infinity,  (see  last 
paragraph,)  and  precisely  the  same  form 


is  used  even  by  writers  of  our  own  time, 
as  a  mark  of  "  general  proportion,"  and 
is  synonymous  with,  "varies  as."  This 
use  of  it,  probably,  originated  in  some 
fanciful  "  Hourish"  carried  through  the 
four  points  of  : :  or  -H-,  which  are  virtvMlly 
used  to  signify  the  same  relation. 

§  Two  great  questions  in  scientific  his- 
tory have  heen  recently  set  at  rest,  in 
which  the  name  of  Harriot  stands  con- 
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looped  top,  and  readily  trace  it  through  its  natural  gradations  into  co  • 
It  might,  possibly,  have  been  from  the  Greek  MS.  ^,  as  it  did  not  make 
its  appearance  till  the  Greek  alphabet  had  become  familiar  to  mathema- 
ticians. Of  course,  the  d  would  be  used  as  the  initial  of  the  word 
differefilia. 

Albert  Girard  employed  Recorde's  sign  of  equality,  =,  for  the  same 
purpose ;  and  it  is  just  possible  that  (/)  might  have  been  derived  from 
this,  especially  if  we  suppose  that   the  MS.  way  of  writing  the  symbol 

which  is  printed  =  was  continuous  like  our  letter    "y  It  would 

then  easily  be  rounded  into  ^    or    Ov 

The  Symbol  of  a  Root,  V,  is  a  slight  modification  of  the  old  manu- 
script r,  the  initial  of  radix.  The  numbers  designating  what  root  were 
placed  over  it,  in  the  earliest  MSS.,  where  it  occurs  precisely  as  in  the 
present  day. 

The  Symbol  of  Infinity,  viz.  00,  is  probably  a  rude  sketch  of  the 
serpent's  folds,  the  serpent  being  the  familiar  emblem  of  eternity,  or 
endlessness,  amongst  the  ancients.  The  more  appropriate  syml)ol  \,  (the 
more  appropriate,  because  indicating  the  origin  of  its  occurrence  in  all 
algebraic  researches,)  was  first  used  instead  of  OC,  by  the  late  Baron 
Fourier,  and  is  now  generally  employed  by  mathematicians  *. 

Sejit.,  1836.  ^=-, 


Note  alluded  to  in  the  beginning  of  this  Paper. 

"It  agrees  perfectly  with  the  general  view  which  I  have  long 

taken  of  the  subject.  I  differ  a  little  from  you,  however,  in  the  detail.  I 
think  you  will  find,  upon  a  second  examination,  that  the  line  above  the 
letters  is  used,  not  for  the  vowel  connected  with  the  m  and  n,  but  for  those 
very  letters  themselves.  Die,  for  example,  is  diem,  and  tatu  is  tantum. 
This  strengthens  the  application  of  the  view ;  for  here  we  have  the  symbol 
itself  expressly  for  the  first  letter  of  minus. 

"  The  hypothesis  which  I  had  framed  to  myself  for  the  other  symbol, 
was,  I  own,  what  appears  to  have  an  advantage  over  yours.  I  consider  it  also 
the  first  letter  of  the  word  which  it  had  to  express, — not '  et,'  but  '  plus.' 
My  steps  analogous  to  yours  were         V-j 


/>   /'   ^ 


spicuous,  by  Professor  Rigaud,  of  Oxford. 
The  first,  that  Galileo  had  the  priority  of 
Harriot  in  the  discovery  of  Jupiter's 
satellites;  and  the  second,  that  Harriot, 
contrary  to  the  bold  and  unwarranted  as- 
sertions of  Montucla  and  other  continental 
historians,  did  fully  imderstand  the  nature 
and  management  of  the  imaginary  symbol  of 
the  roots  of  equations.  See  the  supplement 
to    the  works    of   Bradley,  where   litho- 


Believe  me,  &c." 

graphic  fac-similes  of  several    pages    of 
Harriot's  own  papers  are  faithfully  given. 

•  We  may  remark  hero,  that  this  pro- 
perty of  the  cipher,  it  being  the  reciprocal 
of  infinity,  was  well  understood  by  the 
Indian  algebraists,  as  is  well  established 
by  Mr.  Colebrooke,  in  his  valuable  and  ela- 
borate work  on  the  Hindoo  mathematical 
science. 
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•     A  POPULAR  COURSE  OF  GEOLOGY. 
IL 

Practical  Application  op  Geology. 

But  what  is  the  use  of  Geology?  This  is  a  question  which  we  have 
often  heard  asked,  and  to  which  the  querists  generally  reply  in  the  same 
breath,  by  denouncing  it  as  a  visionary  speculation,  or,  at  the  best,  labo- 
rious idleness,  productive  of  no  practical  results.  On  this  point  we  are 
prepared  to  join  issue  with  these  objectors,  and  to  vindicate  the  utility  of 
our  science. 

In  enumerating  the  advantages  to  be  derived  from  it,  we  shall  begin 
with  its  economical  importance,  because  the  majority  of  mankind  is  com- 
posed of  those  Avho  refer  all  things  to  this  standard.  And  here  we  must 
confess  that,  as  regards  utility,  as  well  as  the  loftiness  of  their  specula- 
tions, geologists  must  be  contented  to  yield  the  first  place  to  Astronomy. 
We  pretend  not  to  guide  the  sailor  across  the  deep,  and  to  enable  him, 
by  measuring  the  distance  of  the  moon  from  some  of  the  fixed  stars,  to 
ascertain,  mtliin  five  miles,  his  situation  on  the  pathless  ocean,  after  he 
has  been  months  without  seeing  land;  but,  upon  our  own  element,  the 
land,  we  can  confer  upon  mankind  benefits  of  no  mean  order.  "We  can 
assist  the  farmer  to  fertilize  the  surface  of  the  earth,  so  that  two  blades 
of  grass  shall  grow  where  one  grew  before ;  and  we  can  impart  system  to 
the  labours  of  the  miner,  so  that,  no  longer  groping  his  way  in  the  dark, 
or  trusting  to  dreams,  to  omens,  and  the  divining-rod,  he  may  prosecute, 
with  confidence,  and  with  an  approach  to  certainty,  those  costly  opera- 
tions which  are  necessary  in  order  to  extract  from  the  earth  the  treasures 
which  have  there  been  stored  up  for  our  use.  These  treasures  exist  in 
sufficient  abundance  to  afford  a  rich  reward  to  our  toils,  and,  at  the  same 
time,  they  have  wisely  and  beneficently  been  rendered  sufficiently 
difficult  of  access,  to  stimulate  industry,  and  call  forth  all  our  energies. 

The  mineral  wealth  of  the  earth  has  not  been  distributed  through  it 
at  random;  but  each  formation,  as  geologists  call  a  group  of  strata,  is, 
over  extensive  areas  at  least,  the  peculiar  receptacle  of  certain  minerals. 
Thus,  tin  is  found  only  in  granitic  districts,  and  copper  is  most  abundant 
in  those  and  the  adjoining  schistose  rocks.  That  thick  formation  of  lime- 
stone, to  which  the  name  of  Carboniferous  has  been  given,  because  the 
great  body  of  the  coal-measures  rest  upon  it,  is,  in  England,  the  chief 
depository  of  lead.  These  metals,  with  silver,  and  some  others,  occur  in 
veins,  traversing  the  strata.  Gold,  on  the  contrary,  is  rarely  met  with  in 
veins,  but  is  disseminated  in  small  quantities  through  those  rocks  in 
which  it  occurs,  and  the  principal  supplies  of  it  are  derived  from  alluvial 
gravel,  which  has  resulted  from  the  destruction  of  those  rocks.  Platinum 
and  diamonds  are  likewise  found  in  alluvial  gravel.  Iron,  to  which  the  name 
of  precious  might  with  more  propriety  be  applied  than  to  gold  or  silver, 
occurs  in  the  greatest  abundance  intcrstratified  with  coal ;  so  that,  by  an 
admirable  arrangement  of  Providence,  the  bulky  ore  of  this  useful  metal 
is  found  in  juxtaposition  with  the  fuel  and  the  limestone  necessary  for 
its  reduction  to  the  metallic  state. 
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In  the  present  state  of  our  knowledge,  it  is  too  much  to  affirm  that 
these  general  rules  prevail  over  the  whole  earth ;  hut  they  hold  good  over 
extensive  portions  of  the  earth's  surface,  though,  even  Avithin  those  areas, 
there  are  exceptions  to  the  rule;  and  the  study  of  the  rule  and  the 
exception  is  alike  profitable. 

Let  us  take,  for  example,  the  case  of  coal.  Though  raised  from 
great  depths  below  the  surface,  coal  is  vegetable  matter,  accumulated 
during  the  earlier  ages  of  the  world ;  so  that  we  are  warming  our  houses, 
and  lighting  our  streets,  and  spinning  our  cotton,  and  propelling  our 
steam-vessels,  and  Ave  may  be  shot  along  a  railway  at  the  rate  of  sixty 
miles  an  hour,  by  means  of  fuel  derived  from  the  wreck  of  forests  that 
flourished  myriads,  perhaps,  of  years  before  the  existence  of  the  human 
race. 

Deposits  of  vegetable  matter  occur  in  formations  of  all  ages,  but 
they  occur  only  in  thin  seams,  and  in  small  quantities.  The  great  coal- 
deposit  lies  between  two  formations  known  by  the  names  of  the  old  and 
the  new  red  sand-stones,  closely  resembling  each  other  in  mineral  com- 
position, though  very  different  in  their  zoological  characters.  A  few 
years  ago  Ave  should  have  said  that  this  carboniferous  limestone  Avas  the 
base  of  the  coal-measures;  but  Professor  Sedgwick  has  shoAvn  that  in  the 
range  of  this  formation  towards  the  North  of  England  it  becomes  a  com- 
plex deposit,  containing  beds  of  shale  and  sand-stone,  Avith  seams  of  coal, 
which  on  the  borders  of  Scotland  are  so  largely  developed  as  to  be  worked 
for  the  supply  of  the  metropolis.  It  may,  therefore,  be  said,  that  the 
great  mass  of  bituminous  coal,  capable  of  being  profitably  Avorked,  lies 
above  the  old  and  beloAV  the  ncAv  red  sand-stone.  The  coal-fields  of 
Brora,  in  Scotland,  and  of  Whitby,  in  Yorkshire,  can  scarcely  be  called 
exceptions,  though  they  are  situated  in  a  newer  group  of  rocks,  called  the 
oolitic.  For  they  aflFord  an  inferior  kind  of  non-bituminous  coal,  worked 
only  to  supply  a  local  demand. 

In  communicating  these  facts  we  are  obliged  to  anticipate  the  knoAV- 
ledge  of  our  readers  as  to  the  order  in  which  the  strata  succeed  each 
other,-^ 

Things  by  their  names  we  call,  though  yet  unnamed, 

and  therefore,  perhaps,  they  can  scarcely  perceive  the  full  import  of  these 
remarks.  In  that  case,  we  must  request  them  to  return  to  the  subject 
when  they  shall  have  become  familiar  with  the  names  of  the  formations, 
and  AAath  their  order  of  superposition. 

Now,  the  practical  results  to  be  derived  from  a  knowledge  of  this 
general  rule  and  its  exceptions  are  these:  That  searches  for  coal  ought 
only  to  be  undertaken  with  the  greatest  caution,  and  under  peculiar  cir- 
cumstances, in  strata  beyond  the  limits  of  the  regular  coal-strata,  but 
that  in  certain  situations,  where  dislocations  of  the  strata  have  brought  to 
the  surface  portions  of  these  anomalous  coal-measures,  and  when  the  car- 
bonaceous matter  is  seen  in  force^  the  working  of  them  may  sometimes 
be  attended  with  success  in  districts  which  are  ill  supplied  with  coal  from 
the  coal-measures  properly  so  called.  The  same  remark  applies  to  the 
lignite,  or  Avood-coal,  of  the  tertiary  strata,  which  is  wood  partially  carbon- 
ized, affording  a  very  inferior  fuel,  which  would  never  be  used  where  the 
produce  of  the  coal-fields  of  Newcastle,  or  Staffordshire,  or  South  Wales, 
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tould  be  easily  obtained.  In  England,  which  is  so  abundantly  supplied 
with  coal  of  the  best  description,  lignite  occurs  but  sparingly,  but  on 
the  Continent  it  is  sometimes  largely  developed,  and  extensively 
worked. 

Copper  is  not  generally  met  with  in  strata  more  recent  than  the  old 
red  sand-stone;  but  there  are  in  England  some  exceptions  to  this  rule: — 
the  celebrated  Ecton  mine,"in  Staffordshire,  and  the  Llandidno,  or  Orme's 
Head  mine,  in  Caernarvonshire,  being  situated  in  the  carboniferous  lime- 
stone. On  the  Continent,  the  ore  of  this  metal  is  worked  in  a  formation 
even  still  more  recent,  the  copper-slate  of  Thuringia  being  a  portion  of 
the  new  red  sand-stone  series.  The  advantages  to  be  derived  by  the 
practical  miner  from  a  knowledge  of  these  facts  are  obvious.  On  the 
one  hand,  the  general  rule  will  prevent  a  waste  of  capital  in  fruitless 
searches  for  certain  minerals  in  strata  where  they  rarely  occur,  and  on 
the  other  hand,  the  exceptions  will  prevent  that  slavish  adherence  to  th« 
general  rule  which  would  prohibit  all  attempts  to  work  them  in  those 
strata,  when  the  indications  are  in  other  respects  favourable ;  and  Geology 
furnishes  us  with  means  for  discriminating  the  different  strata,  and 
teaches  us  their  order  of  succession;  so  that  having  ascertained  to  what 
part  of  the  series  a  given  rock  belongs,  we  know  what  other  rocks  we 
may  expect  to  find  above  and  below  it. 

Mineral  veins,  again,  are  not  equally  productive  through  all  parts  of 
their  course,  but  masses,  or  "  bunches,"  as  they  are  called,  of  ore,  are 
locally  distributed  through  the  vein,  being  connected  by  thin  strings  of 
ore,  or  by  barren  portions  of  the  vein-stone,  which  are  only  useful  as 
guiding  the  miner  to  the  richer  deposits.  His  object,  therefore,  is  to 
arrive  at  the  productive  portions  of  the  vein  with  the  expenditure  of  the 
least  possible  labour,  on  barren  ground;  and  this  object  he  attains  by 
observing  the  circumstances  under  which  these  bunches  occur  in  those 
particular  veins  on  which  he  is  employed,  till,  by  repeated  observations, 
he  discovers  the  laws  Avhich  they  follow,  and  knows  those  parts  of  a  vein 
which  are  likely  to  be  most  productive.  But  these  laws  are  not  the  same 
in  all  mineral  districts.  If,  therefore,  we  remove  from  any  one  of  our 
most  celebrated  mining-counties  one  of  its  most  experienced  practical 
miners,  and  if  we  place  him  in  another,  where  different  laws  prevail,  for 
the  distribution  of  ore  in  veins,  and  where,  though  minerals  may  be 
abundant,  those  laws  are  not  yet  known  by  experience,  because  no  mines 
have  yet  been  worked;  all  his  practical  knowledge  acquired  from  observa- 
tions in  his  native  district  will  avail  him  nothing,  perhaps  will  become 
absolvitely  injurious,  because  it  will  be  likely  to  prevent  his  paying  atten- 
tion to  the  suggestions  of  those  who  have  studied  mineral  veins  on  a  more 
general  scale.  This  study  forms  one  department  of  Geology,  and  the 
mine-agent  who  possesses  most  of  it  is  most  likely  to  conduct  mining- 
operations  with  success.  A  person  of  this  kind  is  too  often  branded  by 
the  ignorant  with  the  epithet,  "  theoretical,"  whereas,  he  is  in  fact  the 
really  practical  man,  because  he  concentrates  and  combines  in  himself  the 
knowledge  derived  from  the  observations  of  all  practical  miners  in  every 
part  of  the  world. 

We  cannot  quit  this  subject,  without  expressing  astonishment  that 
Great  Britain,  which  owes  so  much  of  its  greatness  to  its  mineral  riches, 
Vol.  II.  Q  9 
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and  where  so  much  property  is  embarked  in  mining-speculations,  should 
have  been  so  long  without  establishments  like  the  Ecoles  des  Mines  of 
the  Continent,  in  which  superintendents  of  mines  and  working  miners 
might  be  instructed,  at  a  trifling  expense,  in  the  rudiments  of  Geology, 
Mineralogy,  Chemistry,  and  other  branches  of  science  immediately  con- 
nected with  their  occupation.  It  is  to  be  hoped  that  the  British  Associa- 
tion for  the  Advancement  of  Science  will  turn  their  attention  to  this 
subject,  and  force  it  upon  the  notice  of  the  government;  for  nothing  will 
tend  so  much  to  the  advancement  of  science  as  the  union  of  practical  and 
scientific  knowledge  in  the  same  individuals.  In  the  depths  of  the  mine, 
which  philosophers  only  visit  occasionally,  phenomena  of  the  utmost  im- 
portance for  the  elucidation  of  those  hidden  laws  of  nature  which  they 
are  investigating  are  daily  passing  unnoticed  before  the  eyes  of  working 
miners.  When  they  shall  have  become  imbued  with  such  a  portion  of 
scientific  knowledge  as  will  be  useful  to  them  in  their  vocation,  and  with 
that  love  and  respect  for  science  which  this  knowledge  will  engender, 
these  phenomena  will  arrest  their  attention,  and  though  they  may  not 
themselves  be  capable  of  generalizing  from  them,  they  will  not  fail  to 
bring  them  under  the  notice  of  those  who  have  the  ability  to  do  so. 

The  benefits  which  Geology  can  confer  on  agriculture  are  neither 
few  nor  trifling.  Our  limits  will  not  permit  us  to  point  out  in  detail  how 
the  nature  of  a  soil  depends  on  that  of  the  rocks  from  the  disintegi*ation 
of  which  it  was  derived,  nor  to  show  how  particular  plants  aff'ect  par- 
ticular soils,  in  which,  in  a  state  of  nature,  they  exclusively  flourish,  and 
in  which  they  flourish  most  in  a  state  of  cultivation,  so  that  by  consulting 
a  good  geological  map,  of  a  given  district,  we  may  predict,  before  we 
enter  it,  the  species  of  crops  which  will  be  found  most  extensively 
cultivated  there,  and  which  experience  has  proved  to  be  best  adapted 
to  it. 

A  due  mixture  of  the  earths  in  a  soil  is  essential  to  its  fertility. 
The  most  productive  districts  of  England  have  been  made  so  by  nature, 
and  owe  their  fertility  to  this  mixture;  and  it  is  by  copying  nature  that 
we  must  proceed  iii  our  endeavours  to  improve  those  that  are  barren. 
Neither  pure  clay,  sand,  nor  chalk,  afford  productive  soils.  Those  are 
the  best  which  contain  a  mixture  of  the  three  earths,  silica,  alumina,  and 
lime,  with  a  portion  of  decomposed  animal  and  vegetable  matter.  These 
are  the  soils,  so  much  coveted  by  the  farmer,  which  Avill  bear  repeated 
cropping  without  manure.  The  principal  ends  proposed  in  agricultural 
improvement  are,  to  render  wet  soils  dry,  and  dry  soils  sufficiently  moist, 
to  render  adhesive  soils  loose,  and  loose  soils  sufficiently  adhesive ;  and 
the  proportion  in  which  the  earths  above  mentioned  should  be  mixed  for 
these  ends  must  depend  upon  the  climate  and  the  substratum.  Alumi- 
nous, or  clayey,  soils  retain  too  much  moisture,  and  siliceous,  or  sandy, 
soils  part  with  it  too  rapidly;  and  a  soil,  good  in  itself,  may  be  rendered 
unproductive  by  resting  on  too  retentive  or  too  porous  a  substratum. 
Draining  or  irrigation  are  in  such  cases  the  remedy.  When  one  of  the 
earths  prevails  in  a  soil  to  the  exclusion  of  the  others,  great  improvement 
may  be  effected  by  the  addition  of  that  which  is  deficient,  and  it  is  asto- 
nishing, as  M.  De  la  Beche  has  remarked,  that  the  superior  fertility 
observable  along  the  line  of  junction  of  two  rocks,  occasioned  ^y  the  mix- 
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ture  of  their  component  parts,  has  not  oftener  induced  agriculturists  to 
have  recourse  to  various  artificial  mixtures  of  the  materials  of  rocks 
which  are  adjacent  to  each  other,  either  as  regards  the  surface,  or  depth 
below  the  surface.  There  are  districts  in  which  such  mixtures  have  been 
practised  with  the  greatest  success;  but,  in  general,  farmers  rely  too 
exclusively  on  farm-yard  manure.  Clay,  sand,  and  limestone,  are,  never- 
theless, mineral  manures  of  the  greatest  value,  and  have  changed  the 
face  of  whole  districts  that  were  before  comparatively  barren.  By  such 
mixtures  the  constitution  of  the  soil  has  been  improved, — causing  the 
animal  and  vegetable  manure  afterwards  applied  to  be  more  efficacious. 

The  clayey  lands  of  Essex  have  been  greatly  improved  by  the  use  of 
chalk.  This  acts  upon  the  land  in  several  ways.  It  decomposes  any 
free  acids,  and  some  acids  in  combination,  naturally  existing  in  the  soil, 
and  which  are  prejudicial  to  vegetation,  and  it  acts  mechanically,  by 
rendering  the  soil  more  pervious  to  moisture,  and  afi^brding  greater 
facilities  for  the  roots  of  plants  to  expand.  When  chalk  is  not  at  hand, 
a  dressing  of  sand  or  fine  gravel  will  produce  some  of  these  results,  par- 
ticularly if  it  contains  calcareous  matter,  in  the  shape  of  fragments  of 
limestone  or  broken  shells.  Clay,  again,  is  equally  eificacious  on  sandy 
soils,  by  increasing  the  power  of  the  soil  to  retain  moisture,  and  by 
enabling  the  roots  to  maintain  themselves  firmly  in  the  ground. 

In  Norfolk  and  Suffolk,  vast  tracts  of  land,  which  were  before  inca- 
pable of  bearing  corn,  have,  by  the  application  of  clay,  been  made  to 
produce  good  crops  of  wheat,  barley,  clover,  and  turnips.  Thus  a  greater 
number  of  cattle  are  kept  upon  a  given  area,  and  the  quantity  of  animal 
<ind  vegetable  matter  returned  to  the  soil  is  proportionably  increased. 
The  mineral  manures  are,  in  general,  too  much  neglected,  with  the 
exception  of  lime  (the  injudicious  use  of  which  too  often  runs  into  the 
abuse),  and  even  in  those  districts  where  they  are  applied,  they  are  fre- 
quently brought  from  a  distance,  when,  though  not  visible  on  the  surface, 
they  exist  at  a  small  depth  below  it,  sometimes  under  the  very  field  for 
the  improvement  of  which  they  are  required.  Now,  who,  we  would  ask, 
is  most  likely  to  discover  them, — he  who  never  looks  deeper  into  the 
earth  than  the  bottom  of  his  ditches,  or  he  who  studies  the  position  of 
rocks,  with  respect  to  each  other,  and  for  this  purpose  examines  every 
natural  section  by  which  they  are  exposed  to  view  in  cliffs  and  ravines, 
iind  every  artificial  section  laid  open  by  mines,  wells,  and  other  exca- 
vations. 


Let  AB  in  the  annexed  diagram  (fig.  1.)  represent  the  surface  of  a 
district  composed,  like  some  of  the  eastern  parts  of  England,  of  strata  of 
sand,  clay,' and  gravel,  resting  upon  chalk,  all  the  strata  having  a  slight 
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inclination  to  the  eastward,  or  towards  b:  a  farmer  cultivating  the  sandy 
soil  at  a,  knows,  for  he  observes  it  in  riding  to  market,  that  at  a  certain 
distance  from  his  own  farm  he  shall  cross  a  tract  of  clay,  b,  and  that, 
after  leaving  that,  he  shall  meet  with  sand  and  gravel  again  at  c,  and 
that  at  d  he  shall  quit  the  plain  and  reach  hills  of  chalk.  But  he  does 
not  know,  and  he  would  probably  laugh  at  the  person  who  communicated 
the  information,  that  all  the  strata  b,  c,  and  d,  are  to  be  found  under 
his  own  land  at  a,  at  a  depth  proportioned  to  the  thickness  and  incli- 
nation of  the  strata,  so  that  a  bed  which,  in  one  part  of  an  estate 
will  be  at  a  considerable  depth,  may  rise  in  another  very  near  the  sur- 
face. But  these  are  points  to  the  determination  of  which  the  geologist 
applies  himself,  and  having  ascertained,  from  the  nature  of  the  embedded 
fossils,  that  the  stratum,  a,  is  the  crag,  and  b  the  London  clay, — ^he 
knows  that  by  proceeding  in  a  direction  contrary  to  that  in  which  the 
strata  dip,  he  shall  meet  with  the  sands  and  gravels  of  the  plastic  clay, 
as  well  as  with  the  chalk  rising  successively  to  the  surface. 

A  knowledge  of  the  stratification  of  a  country  will  also  prove 
valuable  to  those  engaged  in  agricultural  improvements,  by  enabling 
them  to  drain  their  land  more  effectually,  and  at  less  expense,  than  by 
the  ordinary  methods.  A  good  soil,  as  was  before  observed,  may  be 
"  rendered  unproductive  by  resting  on  a  bed  of  clay,  which  holds  up  the 
water,  and  there  may  be  a  porous  bed  again  beneath  the  clay.  Now,  if 
the  thickness  of  the  clay  is  not  too  great,  such  land  may  be  freed  from 
excessive  moisture  by  perforating  the  bed  of  clay,  and  leading  the  surface- 
Avater  into  the  perforations. 

The  dip  or  inclination,  and  also  the  "  faults"  or  dislocations  of  the 
strata  of  the  district,  ought  to  be  studied  with  the  same  view.  These 
favdts  are  fissures  Avhich  traverse  the  strata,  and  produce  two  opposite 
effects  with  respect  to  drainage,  according  to  the  nature  of  the  sub- 
stances with  which  they  are  filled.  Sometimes  they  are  pervious  to 
water,  and  then  they  act  as  natural  main  drains,  into  which  subordinate 
drains  may  be  turned.  In  other  cases  they  are  filled  with  clay,  and  then 
they  act  as  mutual  dams,  holding  up  the  water  in  the  strata  to  a  higher 
level  on  one  side  of  the  fault  than  on  the  other.  A  fault  so  filled  is 
often  traceable  on  the  surface  by  the  land-springs  which  break  out 
along  its  course,  arising  from  the  pent-up  water  struggling  to  escape 
wherever  there  is  the  least  resistance;  and  cases  will  occur  in  which,  by 
piercing  through  the  fault,  vent  may  be  given  to  the  water  which  before 
burst  out  at  several  smaller  openings,  and  the  land  may  thus  be  laid 
dry  at  a  cheaper  rate  than  by  contending  with  each  spring  individually. 
This  water,  which  was  injurious  in  one  place,  will  sometimes  be  in  suffi- 
cient quantity,  when  thus  collected  into  one  channel,  to  improve  another 
part  of  the  estate,  by  being  employed  in  irrigation,  or  by  being  made 
to  drive  an  overshot  wheel.  Artesian  wells  have  been  bored  to  obtain  a 
supply  of  water  for  both  these  purposes. 

The  nature  of  a  country  is  sometimes  such  that  it  is  destitute  of 
rivers  and  surface-springs,  and  then  the  population  are  dependent  for  a 
supply  of  water  upon  that  Avhich  can  be  obtained  by  means  of  very  deep 
wells,  or  upon  that  which  falls  from  the  atmosphere,  and  is  collected  in 
ponds  or  tanks.     The  water  derived  from  the  former  source  is  obtained 


A  POPULAR  COURSE  OP  GEOLOGY.  229 

at  a  great  expense;  that  derived  from  the  latter  is  by  no  means  whole- 
some, and  is  liable  to  fail  in  dry  summers.  In  such  seasons,  we  have 
seen  the  population  of  an  extensive  parish  almost  fighting  for  the  green 
unwholesome  water  of  a  muddy  pond;  and  cases  have  occurred,  in 
which  it  has  been  necessary  to  drive  the  cattle  so  far  to  drink,  that  by 
the  time  they  returned,  they  were  as  thirsty  as  when  they  started.  Few 
greater  benefits  could  be  conferred  on  a  district  so  circumstanced,  than 
the  establishment  in  it  of  Artesian  wells. 

These  derive  their  name  from  the  district  of  Artois,  in  France, 
where  they  are  supposed,  though  it  appears  erroneously,  to  have  been 
first  used.  Artesian  wells  are  nothing  more  than  perforations  a  few 
inches  in  diameter,  made  through  the  strata  with  the  ordinary  boring- 
tools,  and  their  action  arises  from  the  natural  tendency  of  water  to  find 
its  level. 

It  is  only  under  certain  conditions  of  geological  structure  that  they 
can  succeed;  and  the  structure  of  the  district  in  which  it  is  proposed  to 
introduce  them  ought  to  be  thoroughly  investigated  before  any  borings 
are  attempted,  because,  though  one  of  these  wells  may  be  made  for  one- 
third  of  the  cost  of  an  ordinary  well  of  the  same  depth,  yet  it  will  be 
perfectly  useless,  though  a  water-bearing  stratum  should  be  penetrated,  if 
the  water  will  not  rise  to  the  surface,  the  orifice  being  too  small  to  admit 
of  its  being  raised  by  mechanical  means.  If  a  reservoir  of  water  were 
formed  on  the  side  of  a  hill,  and  a  leaden  or  other  closed  pipe  were  laid 
from  it  to  a  hill  on  the  opposite  side  of  the  valley,  the  water  might  be 
conducted  in  this  pipe  to  the  same  height  as  that  of  the  source,  and 
wherever  a  hole  was  made  in  the  pipe,  the  water  would  gush  out  and 
endeavour  to  attain  the  level  of  that  at  the  two  ends.  The  geological 
structure  answering  to  these  conditions  is  shown  in  the  annexed  diagram 
(fig.  2.),  which  represents  the  stratification  of  the  vale  of  London,  a  a 
is  a  retentive   stratum  at   the  surface   (in  this  case  the  London  clay); 
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bb  a.  bed  of  gravel  and  sand  below  it,  both  of  them  resting  upon  the 
chalk,  c  c;  and  the  whole  series  having  been  thrown,  by  some  subterra- 
nean movement,  into  a  curve,  concave  on  the  upper  side.  This,  in 
geological  language,  is  the  basin-shaped  structure.  The  porous  bed,  b  b, 
fulfils  the  office  of  the  closed  pipe  before  mentioned.  The  water  which 
fells  on  the  chalk-hills,  c  c,  is  absorbed  by  this  porous  bed,  and  prevented 
from  escaping  by  the  bed  of  clay  above,  and  by  the  chalk  below  it;  and 
if  the  clay  be  pierced  by  small  borings  as  at  rf,  e,  and^,  will  rise  to  the 
surface,  or  to  heights  above  the  surface,  proportioned  to  the  elevation  of 
the  source,  and  to  the  obstacles  which  the  water  meets  Avith  in  percolating 
through  the  bed,  b  b.  There  are  other  modifications  of  this  structure 
which  need  not  be  noticed  in  a  brief  sketch  like  this. 


230  A   POPULAR   COURSE   OF   GEOLOGY. 

There  are  few  persons  conversant  with  rural  affairs,  who  are  not 
aware  how  much  good  roads  improve  the  value  of  property  by  facilitating 
the  conveyance  of  the  produce  of  the  land  to  a  market,  and  either  for 
the  improvement  of  old,  or  the  formation  of  new  roads,  a  knowledge  of 
the  strata  over  which  they  are  formed,  is  of  the  utmost  importance.  The 
durability  of  a  road  depends  in  a  great  measure  upon  the  materials  em- 
ployed, and  upon  the  solidity  of  its  foundation.  These  points  are,  in 
general,  too  much  neglected  by  those  to  whom  the  formation  of  roads  is 
intrusted,  the  chief  objects  of  attention  being  the  shortening  of  distance, 
and  the  reduction  of  acclivity;  and  to  obtain  these  a  road  is  often  carried 
over  strata  affording  an  unstable  base,  and  liable  to  frequent  land-slips. 
Soft  and  bad  stone  is  also  frequently  employed,  because  it  is  near  at 
hand,  when  better  materials  might  be  brought  from  a  distance  by  means 
of  canals  and  railways,  at  a  small  extra  expense,  which  would  be  in  the 
end  more  economical,  because  of  their  greater  durability,  and  because 
when  used,  they  afford  a  good  instead  of  a  bad  road.  On  the  other 
hand,  stone  of  inferior  quality  is  often  brought  from  a  distance  of  several 
miles,  when  better  exists  much  nearer;  not  quarried,  it  is  true,  nor 
visible  on  the  surface,  but  easily  discoverable  by  the  eye  of  the  geologist. 
Hardness  is  not  the  only  essential  in  a  stone  employed  for  the  repair  of 
roads.  It  is  required  not  only  to  resist  friction,  but  also  the  crushing 
force  of  heavy  carriages,  moving  with  considerable  velocity.  Hence 
a  certain  degree  of  toughness  is  necessary  to  durability.  Yet  when  hard 
and  tough  materials  are  both  at  hand,  the  latter  is  often  neglected  for 
the  former. 

There  are  situations  in  which  flints  from  the  chalk,  and  chert  from 
the  green  sand,  might  be  obtained  for  the  roads  at  the  same  cost.  The 
chert,  as  the  toughest,  is  the  best;  yet  surveyors  of  roads,  looking  only  to 
hardness,  or  perhaps  merely  adhering  to  established  custom,  almost 
invariably  prefer  the  flints.  Masses  of  greenstone,  again,  are  of  frequent 
occurrence  in  the  midst  of  granitic  districts.  Granite  is  reduced  to 
powder  under  the  crushing  action  of  wheels  much  sooner  than  green- 
stone, owing  to  the  superior  toughness  of  the  latter,  which  arises  from 
the  presence  of  the  mineral  called  hornblende.  This  mineral  enters 
largely  into  the  composition  of  most  of  the  trappean  rocks,  a  numerous 
family,  which,  though  differing  much  in  external  aspects,  all  possess,  in 
a  greater  or  less  degree,  the  toughness  essential  to  a  good  material  for 
roads.     We  will  illustrate  this  subject  by  one  or  two  examples. 

The  improvement  which  has  taken  place  of  late  in  the  roads  in 
the  neighbourhood  of  London,  must  be  well  known  to  most  of  our 
readers.  Much  of  this  has  been  effected  by  reducing  the  surface  to  a 
better  form,  and  by  applying  the  materials  used  in  a  more  judicious 
manner;  but  much  has  arisen  from  the  selection  of  better  materials. 

Under  the  old  system,  these  consisted  exclusively  of  gravel  raised 
in  the  neighbourhood,  much  mixed  with  sand  and  clay,  from  which  it 
was  difficult  effectually  to  clear  it.  In  mineral  composition,  it  consisted 
chiefly  of  flint,  but  the  pebbles  being  for  the  most  part  round,  could  never 
form  so  solid  a  mass  as  a  layer  of  angular  pieces  of  stone.  The  first  im- 
provement was  to  substitute  for  this  gravel  broken  flints  from  Kent, 
brought  up  the  river  Thames.     Possessing  hardness  only,  without  tough- 
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ness,  their  brittleness  was  found  to  be  an  objection  against  them,  and 
granite  was  substituted.  This  was  found  more  durable  than  flint,  but 
less  so  than  a  hornblende-rock  from  Mount  Soar  Hill,  in  Leicestershire, 
which  is  now  chiefly  employed,  and  with  manifest  advantage. 

The  surface  of  the  counties  of  Lancashire  and  Cheshire  is  occupied 
chiefly  by  the  new  red  sand-stone  formation,  which  affbrds  no  road 
materials,  but  stone  of  the  most  friable  kind.  The  roads  of  this. extensive 
district  are  now  supplied  with  a  trap-rock  from  Penmaen  Mawr  on  the 
coast  of  Caernarvonshire,  and  the  quantity  used  is  so  great  that  even  at 
the  low  price  at  which  it  is  supplied,  the  persons  who  have  taken  a  lease 
of  these  rocks  are  realizing  large  profits.  Stone  of  the  same  kind  occurs 
in  many  parts  of  the  Snowdonian  chain,  but  nowhere  so  near  the  sea, 
except  in  Caernarvon  Bay;  and  even  the  small  additional  freight  which 
must  be  paid  for  its  conveyance  thence,  is  sufficient  to  prevent  it  from 
competing  successfully  with  the  stone  of  Penmaen  Mawr.  Whoever, 
therefore,  shall  succeed  in  discovering  within  the  district  thus  supplied  a 
mass  of  trappean-rock,  so  situated  as  to  be  easily  quarried,  may  be 
assured  that  he  has  made  a  valuable  discovery.  Mr.  Murchison  has 
shown  that  in  a  part  of  Shropshire  trappean-rocks  have  burst  through 
the  red  sand-stone,  and  it  is  by  no  means  improbable  that  the  action 
may  have  been  prolonged  into  Chealiire.  It  sometimes  happens  that 
only  a  small  portion  of  trappean-rock  rises  to  the  clay,  when  there  is  a 
large  mass  at  a  small  depth  below  the  surface;  and  the  surface-appear- 
ances are  also  such  as  to  deceive  a  person  in  search  of  road-materials 
who  was  unpractised  in  geological  investigations ;  for  some  of  the  hardest 
and  toughest  of  these  rocks  decompose  by  long  exposure  to  the  atmo- 
sphere, presenting  the  appearance  of  an  incoherent  bed  of  earth,  on 
removing  which,  the  unweathered  rock  will  be  found  to  afibrd  a  stone 
well  adapted  to  the  repair  of  roads. 

Attention  to  the  direction  in  Avhich  the  strata  dip  will  frequently 
save  considerable  expense,  both  in  the  first  construction  and  future  main- 
tenance of  a  road,  when  it  is  carried  along  the  side  of  a  hill  through  a 
stratified  country. 


Fig.  3. 


Let  A  (fig.  3.)  represent  a  valley  between  the  hills  B  and  c,  com- 
posed of  many  alternations  of  shale,  and  sand-stone,  having  a  steep  dip ; 
so  that  had  the  beds  of  b  not  been  denuded,  they  would  have  covered 
those  of  the  hill  c.  Let  a  and  6,  moreover,  be  two  beds  of  loose  sand- 
stone, on  opposite  sides  of  the  valley,  with  beds  of  clay  or  shale  beneath 
them.     If  a  road  be  cut  at  c,  the  water  percolating  through  the  sand- 


232  A   FOFULAK   COURSE   OP   G'EOIOGY. 

stone,  and  prevented  from  descending  by  the  retentive  bed  below,  will 
have  a  constant  tendency  to  throw'down  upon  the  road  portions  of  the 
rock  above;  but  no  such  effect  will  be  produced  if  the  road  be  cut  at 
nearly  the  same  height  on  the  opposite  side  of  the  valley,  at  d,  where  the 
strata  dip  into  the  hill  instead  of  out  of  it. 

Every  architect  and  civil-engineer  ought  to  be  a  'geologist,  for  the 
study  of  the  structure  of  rocks,  and  of  the  situations  in  which  they 
occur,  would  frequently  enable  them  to  select  more  durable  stones  for 
building  than  those  usually  employed.  These  remarks  apply  to  public 
works  rather  than  to  private  edifices,  for  under  the  present  system  the 
houses  in  most  of  our  great  towns  are  built  by  speculators  who  have  no 
permanent  interest  in  them,  and  they  are  built  for  profit,  on  a  calcula- 
tion, nicely  adjusted  to  the  length  of  a  lease,  which  they  are  not 
intended  to  outlast.  But  when  a  proprietor  builds  upon  his  own  estate, 
he  ought  not,  from  motives  of  injudicious  economy,  to  use  stone  liable 
to  rapid  decomposition,  merely  because  it  can  be  worked  at  less  cost 
than  another  which  is  more  durable,  and,  above  all,  when  a  nation 
builds,  which  builds  for  posterity,  all  such  paltry  parsimony  ought  to  be 
discarded.  Yet  some  of  the  finest  of  the  public  buildings  in  London,  less 
than  two  centuries  old,  are  hastening  rapidly  to  decay,  from  having  been 
constructed  of  a  calcareous  sandstone,  soft  when  first  raised,  and  thence 
easily  worked,  hardening  as  it  loses  its  original  moisture,  but  liable 
again  to  imbibe  water,  and  therefore  easily  affected  by  frosts.  An 
improvement  in  this  respect  has  lately  taken  place  in  the  substitution  of 
granite  for  sandstone  in  many  of  our  public  works ;  but  the  indiscri- 
minate use  of  this  material  may  be  attended  with  bad  effects;  for  some 
varieties  of  granite,  like  the  trappean  rocks  before  alluded  to,  though 
hard  and  difficult  to  Avork,  when  first  raised,  afford  a  bad  building- 
material,  from  the  rapidity  with  which  they  decompose.  This  depends 
on  the  state  of  the  felspar  they  contain.  Rocks,  in  which  the  felspar 
exists  in  a  compact  state,  are  in  general  more  durable  than  those  in 
which  it  is  found  in  coarse  crystals.  Some  sandstones,  again,  which 
have  a  siliceous  cement,  are  very  durable.  The  weathered  surface  of  a 
rock  will  often  give  a  better  insight  into  its  mineral  structure  than  can 
be  obtained  from  a  fresh  fracture,  for  which  reason,  the  geologist,  in 
selecting  hand  specimens,  endeavours  to  procure  one  such  surface;  and 
in  general  the  capability  of  a  stone  to  resist  atmospheric  agency  may  be 
learned  by  studying  the  manner  in  which  it  resists  such  action  in  its 
original  situation,  and  by  observing  which  of  the  ingredients  of  a  com- 
pound rock  is  the  first  to  decompose. 

We  have  now  taken  a  rapid  glance  at  some  of  the  practical 
advantages  resulting  from  the  study  of  geology.  The  subject  is  by  no 
means  exhausted,  but  the  limits  of  a  work  like  this  will  not  admit  of 
further  details.  It  remains  to  speak  of  other  benefits  arising  from  the 
cultivation  of  the  science,  less  direct,  it  is  true,  and,  to  some  minds,  less 
obvious,  but  not  the  less  important,  because  they  cannot  be  made  to 
enter  into  a  calculation  of  pecuniary  profit.  As  an  employment  for  the 
mind,  and  an  exercise  of  the  reasoning  powers,  geology  may  be  placed  in 
the  first  rank,  second  only  to  the  exact  sciences,  and  in  some  respects 
superior  to  them,  because  it  requires  the  exercise  of  those  faculties,  and 
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employs  that  kind  of  reasoning,  for  which  we  have  daily  need  in  the  con- 
duct of  human  affairs.  The  practical  application  of  the  mathematics  is 
limited  to  a  few  professions.  That  is  not  the  object  with  which  they  are 
studied  by  one  in  an  hundred  of  those  who  devote  so  much  time  to 
them.  They  are  studied  in  order  to  strengthen  the  mind  by  accustoming 
it  to  habits  of  attention  and  investigation,  and  even  when  cultivated 
with  this  view,  doubts  have  been  entertained  by  some,  whether  they 
may  not  be  pursued  too  exclusively.  It  has  been  asserted,  that  the 
mind  may  become  so  habituated  to  that  strict  demonstration  which 
the  abstract  sciences  require  and  afford,  as  to  reject  other  truths  inca- 
pable of  the  same  kind  of  proof.  And  yet  on  most  of  the  questions  on 
which  we  are  called  upon  to  form  a  judgment  as  to  matters-of-fact,  past, 
present,  and  to  come,  mathematical  reasoning  is  inapplicable,  and  we 
must  be  satisfied  to  aiTive  at  a  moral  certainty  to  be  attained  by  weigh- 
ing evidence  and  balancing  probabilities.  This  is  the  highest  degree  of 
proof  of  which  most  geological  inquiries  are  susceptible,  and  this  is  the 
mode  in  which  they  are  conducted.  We  observe  the  changes  taking 
place  around  us  in  the  organic  and  inorganic  world,  and  we  trace  effects 
up  to  their  causes;  and  then  comparing  like  things  with  like,  we  infer 
that  similar  effects  were  produced  by  similar  causes  in  the  ages  that  are 
past.  In  this  investigation  we  have  often  to  weigh  the  conflicting  evi- 
dence of  apparently  irreconcileable  phenomena,  we  are  perpetually 
seeking  analogies,  or  detecting  differences,  or  combining  and  generalizing 
scattered  facts  with  which  observation  has  furnished  us.  Occasionally, 
too,  we  find  ourselves  obliged  to  retrace  our  steps,  compelled  by  new 
facts  to  abandon  generalizations,  founded  on  imperfect  induction.  Surely 
all  this  must  tend  to  produce  habits  of  acute  observation,  patient  inves- 
tigation, and  salutary  caution,  in  suspending  our  judgment  in  the 
absence  of  complete  and  satisfactory  evidence;  habits,  these,  of  the  greatest 
value  in  the  affairs  of  life,  and  we  must  be  most  unapt  scholars  if  we  do 
not  also  learn  from  it  this  great  moral  lesson — that  it  is  possible  to 
acknowledge  ourselves  to  have  been  in  error,  without  either  compromise 
of  dignity  or  loss  of  strength. 

Geology  possesses  this  advantage  over  most  other  sciences,  that  with 
discipline  for  the  mind,  it  combines  exercise  for  the  body.  It  has  power 
to  preserve  or  to  restore  the  "  mens  sana  in  corpore  sano."  One  at  least 
of  our  most  celebrated  geologists  applied  himself  to  this  pursuit,  as  a 
remedy  for  disorders,  brought  on  by  too  close  an  application  to  sedentary 
studies.  Health  appears  to  be  a  privilege  almost  peculiar  to  the  geologist, 
among  all  the  sons  of  science.  The  mathematician  undermines  his  con- 
stitution over  his  diagrams  and  his  equations — the  chemist  inhales 
poison,  amidst  the  fumes  of  the  laboratory — the  anatomist  risks  his  life, 
amidst  the  horrors  of  the  dissecting-room, — but  the  geologist  envoys  the 
robust  health  of  the  sportsman,  or  the  peasant.  He  breathes  the  purest 
air  of  Heaven,  amidst  the  loveliest  and  the  sublimest  scenery  of  nature, 
whilst  exploring  those  mountain-recesses,  where  her  mysteries  ai'e  best 
revealed;  hardy,  active,  and  enterprising,  he  ranges  through  all  the 
realms  of  Europe — now  on  the  summit  of  Ben  Nevis — now  in  the  caves 
of  Staffa — now  among  the  wilds  of  Connemara,  and  now  in  the  valley  of 
the  Arno.     He  has  examined  the  extinct  craters  of  the  Rhine,  and  the 
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crater  of  Etna,  still  in  full  activity ;  his  hammer  has  been  heard  among 
the  pine-forests  of  Norway,  and  he  has  looked  down  from  the  Alps,  and 
cried  with  the  poet — 

"  Creation's  heir — the  world,  the  world  is  mine  !" 
He  sees  mankind  under  various  forms  of  government  and  religion.  He 
holds  intercourse  with  men,  whose  sole  hond  of  union  with  him  is  their 
ardour  in  the  cause  of  science.  On  all  other  points  their  opinions  differ, 
and  even  on  some  of  the  controverted  matters  of  geology  they  are  ranged 
on  opposite  sides.  Hence,  he  is  trained  to  habits  of  moderation  and  for- 
bearance, and  learns  to  emancipate  himself  from  the  trammels  of  party. 
Those  ancient  convulsions  to  which  the  globe  has  been  subject,  and 
those  physical  features  which  they  have  impressed  upon  its  surface,  are 
not  confined  within  the  narrow  conventional  limits  of  tribes  or  nations  ; 
to  study  them,  he  must  have  a  free  and  unmolested  passage  through  all 
the  kingdoms  of  the  earth.  Hence,  those  bad  passions  which  array 
nation  against  nation,  injurious  as  they  are  to  all,  have  this  additional 
evil  for  him,  that  they  retard  the  progress  of  his  science,  which  requires 
for  its  developement  nothing  less  than  the  peace  of  the  world.  The 
subjects  of  his  investigations  are  so  various,  and  the  questions  to  be 
solved  by  him  are  so  complicated,  and  so  connected  with  all  the  king- 
doms of  nature,  that  he  is  prevented  from  devoting  himself  too  exclu- 
sively to  any  one  branch  of  study;  he  finds  at  every  step  that  he  needs 
the  aid  of  fellow-labourers  in  other  departments  of  the  great  field  of 
knowledge.  Hence  arise  new  sympathies;  and  there  are  many  who  can 
enumerate  among  the  advantages  of  geology,  the  warm  and  enduring 
friendships  to  which  it  has  given  birth.  In  the  roving  life  of  the  geolo- 
gist, there  are  charms  unconnected  with  those  of  science :  he  mingles  in 
his  rambles  ^vith  men  of  aU  ranks,  and  of  various  characters,  and  thus 
gains  an  opportunity  of  studying  human  nature,  whilst  he  obtains  fresh 
knowledge  of  his  profession.  The  personal  adventures  of  a  geologist 
would  form  an  amusing  narrative.  He  is  trudging  along,  dusty  and 
weather-beaten,  with  his  wallet  at  his  back,  and  his  hammer  on  his 
shoulder,  and  he  is  taken  for  a  stone-mason  travelling  in  search  of  work. 
In  mining-countries,  he  is  supposed  to  be  in  quest  of  mines,  and  receives 
many  tempting  offers  of  shares  in  the  "  Wheal  Dreany,"  or  the  "  Golden 
Venture;" — he  has  been  watched  as  a  smuggler;  it  is  well  if  he  has  not 
been  committed  as  a  vagrant,  or  apprehended  as  a  spy,  for  he  has  been 
refused  admittance  to  an  inn,  or  has  been  ushered  into  the  room  appro- 
priated for  ostlers  and  postilions.  When  his  fame  has  spread  among  the 
more  enlightened  part  of  the  community  of  a  district  which  he  has  been 
exploring,  and  inquiries  are  made  of  the  peasantry  as  to  the  habits  and 
pursuits  of  the  great  philosopher  who  has  been  among  them,  and  with 
whom  they  have  become  familiar,  it  is  found  that  the  importance 
attached  by  him  to  shells  and  stones,  and  such  like  trumpery,  is  looked 
upon  as  a  species  of  derangement,  but  they  speak  with  delight  of  his 
affability,  sprightliness,  and  good-humour.  They  respect  the  strength  of 
his  arm,  and  the  weight  of  his  hammer,  as  they  point  to  marks  which  he 
inflicted  on  the  rocks,  and  they  recount  with  wonder  his  pedestrian  per- 
formances, and  the  voracious  appetite  with  which,  at  the  close  of  a  long 
day's  work,  he  would  devour  the  coarsest  food  that  was  set  before  him. 
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Geology  can  only  be  studied  thus  by  those  who  are  gifted  with 
leisure  and  affluence,  or  by  those  who  follow  it  as  a  profession;  but,  on  a 
less  extended  scale,  it  is  available  to  the  man  of  business  and  the  man  of 
humble  income.  The  rich  and  the  unemployed  will  find  In  it  a  substi- 
tute for  those  artificial  excitements,  those  frivolous,  and  often  vitiating 
and  ruinous  pursuits  to  which  tliey  are  driven  as  a  resource  against  enmii, 
and  he  who  is  engaged  in  active  pursuits,  may  resort  to  it  as  a  relax- 
ation from  toil  and  ease.  If  a  state  of  total  inactivity  is  unsuitable  for 
man,  so  likewise  is  a  state  of  unremitting  labour.  Rest  and  recreation 
we  all  require:  change  of  employment  is  often  equal  to  repose;  and 
where  can  we  find  employment  or  recreation  so  refreshing  and  invigo- 
rating, both  to  mind  and  body,  as  this?  What  can  be  more  delightful 
than  to  exchange  that  conflict  of  passions  and  interests,  which  beset  the 
man  of  business  in  his  intercourse  with  men,  for  that  calm,  yet  exciting 
interest,  arising  from  converse  with  nature,  and  the  acquirement  or  dis- 
covery of  truth? 

Geology  has  fields  of  research  suited  to  every  labourer,  and  to 
every  capacity.  On  some  of  its  investigations,  the  highest  intellectual 
powers,  and  the  greatest  acquirements  in  abstract  science,  may  be  brought 
to  bear,  while  many  of  its  problems  may  be  solved  by  any  one  who  has 
eyes  and  will  make  use  of  them.  Extensive  travel  is  requisite  to  afibrd 
comprehensive  views  of  the  structure  of  the  earth,  and  to  prevent  our 
generalizing  from  too  limited  an  induction;  but  he  whose  travels  are 
confined  within  his  native  country,  or  within  a  circle  of  twenty  miles 
round  his  own  house,  may  add  much  to  our  knowledge.  Nor  is  this 
class  of  observers  by  any  means  the  least  useful.  He  who  makes  a 
hasty  excursion  into  a  district,  can  give  but  a  general  outline  of  its 
structure,  leaving  many  important  points  of  detail  to  be  filled  up  by 
resident  observers.  If  we  visit  the  same  cliff  or  the  same  quarry  daily, 
for  years,  we  shall,  at  every  visit,  be  rewarded  with  something  new;  and 
there  are  few  districts  barren  in  objects  of  geological  interest,  however 
deficient  they  may  be  in  the  beauties  of  picturesque  scenery. 


ON  THE  USE  OF  TERMS  FROM  THE  GREEK  AND  LATIN 
LANGUAGES  IN  SCIENTIFIC  NOMENCLATURE. 

There  exists,  at  present,  a  strong  desire  to  dispense,  as  much  as  possible, 
with  terms  and  names  in  science  taken  from  the  Greek  and  Latin  lan- 
guages: it  is  alleged  that  by  so  doing,  the  attainment  of  knowledge  will 
be  facilitated  to  those  who  have  not  the  advantage  of  a  classical  educa- 
tion; and  that  science,  being  divested  of  what  bears  the  appearance  of  an 
ostentatious  display  of  learning,  will  present  herself  in  a  more 
attractive  guise,  and  secure  a  greater  number  of  admirers.  It  is  also 
considered  as  a  national  reflection  that  we  should,  in  any  case,  have 
recourse  to  other  languages,  when  our  own  is  so  copious  and  expressive. 
We  are  frequently  reminded  in  a  lame  metaphor  of  that  "  well  of  pure 
and  undefiled  English,"  from  which  our  ancestors  drew — not  water — but 
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words,  till  the  example  of  a  master-mind,  towards  the  close  of  the  last 
century,  caused  an  influx  into  our  vocabulary  of  Latin,  to  the  exclusion 
of  genuine  Celtic  or  Teutonic. 

This  is  not  the  place  for  any  discussion  on  the  last  allegation, 
which  would  properly  pertain  to  a  philological  journal,  or  to  one  devoted 
to  general  literature,  rather  than  to  science;  nor  should  we  have  men- 
tioned it,  if  we  did  not  conceive  that  it  is  presumed,  the  advantages 
which  would  result  from  the  banishment  of  these  exotics,  and  the  resti- 
tution of  their  hardier  predecessors  would  be  equally  felt  in  the  language 
of  science,  as  in  that  of  literature.  We  caimot,  however,  refrain  from 
observing,  that  our  language  is  essentially  a  mixed  one,  and  that  even  if 
we  were  to  purify  it  of  all  the  latinity  which  has  been  introduced  into  it 
since  the  period  alluded  to,  there  would  still  remain  a  great  leaven,  which 
had  been  incorporated  in  the  form  of  Norman  French,  and  that  the 
"  pure  well"  was  but  a  turbid  compound  of  diiferent  Celtic  dialects,  with 
a  large  proportion  of  that  of  ancient  Italy. 

Leaving,  however,  this  consideration,  we  wish  to  point  out  the 
proper  bounds  to  the  proposed  reformation,  and  though  we  fully  con- 
cur in  the  desirableness  of  divesting  science  of  all  extrinsic  difiiculties, 
we  feel  persuaded  that  this  method  of  so  doing  eventually  tends  to 
produce  a  worse  evil  than  that  we  would  obviate;  and  that  while  we 
endeavour  to  shun  what  may  appear  as  pedantry,  we  shall,  if  not  timely 
warned,  fall  into  the  more  dangerous  errors  of  inelegance  and  inaccuracy. 

Some  persons  have  proposed,  as  a  part  of  the  plan  of  restoration,  to 
extend  the  privilege  of  retaining  the  Latin  or  Greek  root  of  a  scientific 
term,  only  giving  it  an  English  termination,  and  forming  nouns  as  we 
have  always  been  in  the  habit  of  forming  adjectives.  Thus,  since  custom 
has  sanctioned  the  use  of  such  terms  as  vertebrated,  or  molluscous  animal, 
exogenous  plant,  &c.,  they  would  adopt  mammals,  cephalopods,  mollusks, 
exogens,  bracts,  &c.  But  as  these  terms  have  neither  euphony  nor 
elegance  to  recommend  them,  it  should  be  distinctly  shown  that  they 
possess  some  decided  advantages:  intelligibility  to  the  unlearned  is  cer- 
tainly not  among  these ;  for  unless  the  meaning  of  the  root  be  understood, 
the  vernacular  termination  will  be  of  no  avail,  and  such  jargon  as 
edentate  or  rodent  mammal,  acephalous  testacean,  glumaceous  endogen,  c^c, 
is  in  no  way  preferable  to  the  analogous  designations  with  their  proper 
endings. 

It  is  the  deficiencies  of  our  own  language  that  necessitate  the 
adoption  of  foreign  words,  to  furnish  names  for  newly-discovered  natural 
laws,  principles,  or  bodies,  inorganic  or  organic,  or  for  instruments 
newly  contrived  to  aid  us  in  our  researches.  The  character  of  the 
languages  derived  from  the  Celtic  or  Teutonic,  is  to  possess  but  com- 
paratively few  roots,  and  to  allow  of  an  indefinite  number  of  combina- 
tions of  these  to  express  compound  ideas.  But  however  forcible  and 
expressive  association  may  render  these  compounds,  their  being  such  i? 
obviously  a  source  of  ambiguity,  and  prejudicial  to  the  precision  and 
brevity  so  desirable  in  everything  connected  wdth  science;  for,  in  the 
arithmetic  of  language,  the  shortest  word  is  not  always  that  which  con- 
sists of  the  fewest  syllables;  and,  in  fact,  the  learned  name  is,  in  most 
instances,  absolutely  shorter  than  any  equivalent  English  compound  term. 
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If  weather-glass  be  employed  instead  of  barometer,  we  may  gain  a 
syllable,  but  at  what  a  cost!  And  if  we  translate  the  word  by  weight- 
measurer,  there  is  no  gain  whatever.  What  vernacular  terms  could  be 
found  to  express  oxygen,  chlorine,  hydrogen,  «&c.  ?  and  still  less  the  sig- 
nificant compounds  hydrochloric,  hydrocyanic,  protoxide,  deutoxide,  &c. 

There  is  no  ground  for  apprehension  that  any  undue  number  of 
foreign  words  will  be  introduced,  because  there  is  no  inducement  but  neces- 
sity to  employ  them ;  all  languages  were  formed,  and  even  matured,  in  the 
infancy  of  science  of  every  kind,  all,  therefore,  must  be  extended  as  new 
ideas  are  acquired,  or  new  objects  require  naming.  Viewed  with  regard 
to  these  wants  of  science,  ours  is  a  barl)arous  and  impracticable  language, 
and  does  not  admit  of  the  formation  of  brief  and  efficient  compounds; 
and  if  we  were  to  insist  on  the  adoption  of  native,  to  the  exclusion  of 
foreign  terms,  knowledge  would  receive  a  check  which  would  be  nearly 
fatal  to  its  progress.  The  communication  of  knowledge  depends  on  the 
right  use  of  correct  definitions  or  descriptions,  which  ought  to  be  as  brief 
as  is  compatible  with  precision  and  accuracy;  no  word  employed,  should, 
if  possible,  be  ambiguous,  or  have  more  than  one  signification,  but  the 
principal  roots  of  any  language,  from  their  early  and  constant  use,  have 
become  associated  with  many  trains  of  ideas,  which  being  inevitably 
excited  when  the  word  occurs,  its  use  is  incompatible  with  the  singleness 
of  meaning  Avhich  is  requisite  to  a  good  description*. 

The  first  essential  step  the  student  must  take,  especially  in  natural 
history,  is  the  attainment  of  a  correct  conception  of  the  principles  of 
classification,  without  which  he  can  only  acquire  isolated  facts,  burden- 
some to  his  memory.  He  must  understand  the  nature  of  genera  and 
species,  and  be  impressed  with  the  incalculable  advantage,   in  point  of 


•  It  will  not  be  useless  to  give  a  few 
examples,  taken  at  random,  of  the  ambi- 
guity which  would  arise  from  the  use  of 
trivial  names,  which  Were  given  before 
science  had  pointed  out  the  affinities  of 
natural  objects.  The  name  violet  is  well 
adapted  for  a  generic  term,  but  it  has  been 
given  in  two  or  three  instances  to  plants 
which  have  not  the  slightest  affinity  with 
a  true  violet,  as  the  Calathian  violet  (Gen- 
tiana  pneumonanthe),  the  dogs^-tooth  violet 
(Erythronium  dens  canis),  &c.  The  term 
Nightshade  is  given  to  two  distinct  genera, 
and  this  is  the  case  m  innumerable  in- 
stances. There  are  between  thirty  and 
forty  plants  designated  by  names  com- 
pounded of  the  Celtic  root  wort,  as  star- 
wort,  mad-wort,  spleen-wort,  spider-wort, 
&c.  &c. ;  and  in  several  cases  there  are 
three  or  more  plants  to  which  one  of  these 
names  is  given,  with  some  other  distin- 
guishing term,  though  the  plants  have  no 
real  connexion;  thus  we  have  Star-wort 
(Aster),  Water  Star-wort  (Callitriche). 
Now,  is  it  not  obvious  that,  if  these  names 
were  retained,  the  mind  would  naturally 
associate  the  plants,  from  the  similarity  in 
their  appellations  ? 

A  living  poet  has  written  some  beautiful 


verses  "  to  the  Celandine,"  and  by  his  de- 
scription, it  is  clear  he  did  not  mean  the 
celandine  (chelidonium),  but  the  pile-tvort 
(ranunculus  ficaria).  We  need  hardly 
say  that  we  are  far  from  proposing  to 
banish  from  fiction  those  popular  names 
met  with  in  the  greatest  works  of  genius, 
but  merely  to  point  out  a  striking  case 
of  error,  arising  from  the  use  of  trivial 
names. 

Captain  Back,  in  compliance  with  popu- 
lar usage,  says  in  his  narrative,  "  several 
mice  were  seen  to-day,"  and  immediately 
explains  that  the  animals  were  lemmings. 
When  housewives  and  farmers  only 
thought  of  depredations  on  their  bacon, 
cheese,  and  corn,  they  called  all  animals 
guilty  of  these  malpractices,  rats,  and 
mice,  and  sparrows ;  but  what  should  we 
gain  by  endeavouring  to  frustrate  the  la- 
bours of  naturalists,  who,  on  careful  com- 
parison, have  instituted  the  genera,  Arvi- 
cola,  Spermophilus,  Emberiza,  &c.,  by 
again  confounding  them  under  the  name 
of  mice  and  sparrows;  or  would  the  ver- 
nacular terms,  field-haunters,  seed-lovers, 
as  literally  translating  the  new  generic 
terms,  be  advisable,  either  for  brevity  or 
euphony  ? 
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brevity  of  definition,  aftbrded  by  the  combination  of  the  generic  and 
specific  name  to  designate  a  natural  object;  this  combined  name  being  in 
fact  a  memoria  tecknica,  to  remind  him  of  certain  properties  and  qualities 
of  the  individual,  as  the  more  comprehensive  collections  of  genera  into 
orders  and  classes  are  the  means  by  which  he  is  reminded  of  their 
mutual  relations.  It  is  of  course  of  little  importance  what  words  may 
be  employed  for  this  purpose,  but  they  should  be  euphonous  and  easily 
pronounced,  and  there  should  be  some  consistent  plan  in  their  adoption: 
if  the  advantages  of  employing  the  generic  and  specific  name  be  admitted, 
the  more  precise  and  distinct  these  are,  the  better.  To  substitute 
three  or  more  separate  words,  where  two  are  sufiicient,  would  be  any- 
thing but  desirable;  and  this  would  be  the  case  in  a  majority  of  instances, 
if  an  endeavour  were  made  to  dispense  with  Latin  or  Greek  names. 

When  a  knowledge  of  even  the  elements  of  science  was  by  no 
means  common,  it  was  possible  for  a  person  to  acquire  the  reputation  of 
learning,  by  a  pedantic  use  of  hard  words,  as  they  are  facetiously  termed 
by  those  who  do  not,  as  well  as  by  those  who  really  do,  understand 
them.  The  ridicule  so  justly  excited  by  this  practice,  made  all  true 
philosophers  anxious  to  remedy  an  abuse  which  might  be  prejudicial  to 
the  diffusion  of  sound  knowledge,  for  some  of  the  ridicule  was  inten- 
tionally transferred  to  science  herself  by  those  who  at  all  times  are 
interested  in  preventing  their  fellow-creatures  from  becoming  wiser  or 
better.  But  now,  when  the  elements  of  science  form  part  of  general 
education,  and  when  considerable  knowledge  is  no  rare  endowment,  the 
pedantry  alluded  to  is  seldom  had  recourse  to,  and  the  same  cause  for 
proscribing  terms  bon-owed  from  the  learned  languages  no  longer  exists, 
while  the  advantages  derived  from  their  use,  as  convenient  symbols  in 
classification,  at  least,  become  daily  more  apparent. 

Floriculture  and  shell-collecting  having,  for  very  sufiicient  reasons, 
been  always  popular  amusements,  the  use  of  Latin  and  Greek  names  in 
the  branches  of  natural  history  with  which  these  pursuits  are  connected, 
has  more  especially  excited  animadversion,  from  the  cause  above  alluded 
to;  but  if  the  scientific  names  be  invariably  employed,  their  use  will 
cease  to  excite  surprise,  this  is  gradually  becoming  the  practice,  from  a 
perception  of  the  unfitness  of  trivial  names  to  meet  the  wants  of  even  a 
slight  knowledge;  and  we  are  endeavouring  to  prove  that  this  habitual 
use  of  the  scientific  name  should  be  inculcated  by  all  who  are  aware  of 
the  importance  of  correct  views  of  the  complicated  relations  existing 
among  organic  beings. 

Why,  at  the  present  day,  should  a  person  desirous  of  studying 
botany  rationally,  be  exhorted  to  use  the  term  evening-primrose  tribe 
instead  of  Onagrarice  P  It  is  true  he  would  use  this  last  word  merely  as 
a  symbol,  which  might  recall  to  his  mind  certain  properties,  and  of  the 
derivation  of  which  he  might  be  ignorant;  but  the  employment  of  the 
other  would  demand  an  extra  eftbrt  of  attention  to  divest  it  of  its  false 
and  primary  meaning,  the  order  in  question  having  nothing  to  do  Avith  a 
primrose,  and  the  name  evening  primrose  is  identified  with  only  one  genus 
which  is  already  far  more  commonly  knoAvn  by  its  correct  appellation 
(Enothera.  Since  it  is  impossible  to  discover  or  apply  English  names  for 
the  number  of  species  and  genera  discovered  in  the  present  century  alooe, 
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it  is  surely  by  no  means  desirable  that  the  naturalist  should  employ  an 
English  name  for  some  orders  or  genera,  or  species,  and  Greek  and 
Latin  ones  for  the  rest.  Why  not,  for  the  sake  of  uniformity  alone, 
habitually  use  the  latter  on  all  occasions,  since  the  languages  which 
furnish  them  are  exhaustless  in  their  stores,  and  have  the  additional 
recommendation  of  being  universally  understood. 

If  the  advocates  for  vernacular  names,  admitting  the  necessity  for 
consistency  or  uniformity,  and  the  advantages  last  mentioned,  should  yet 
prefer  the  attempt  to  adopt  English  names  in  all  cases,  they  would  soon 
find  the  plan  impracticable.  Suppose,  for  instance,  we  were  to  adopt 
the  trivial  name  Speedwell  for  the  generic  term  instead  of  Veronica, 
though  there  would  be  no  difficulty  with  such  specific  names  as  Vir- 
gitiian,  Siberian,  fall,  lofty,  hoary,  &c.,  how  are  we  to  adopt  concise  and 
appropriate  English  synonyms  for  peregrina,  decussaia,  crinita,  crenu- 
lala,  scuiellata,  &c.;  we  must  either  substitute  an  English  termination 
for  the  Latin  one,  a  practice,  which  as  we  have  shown,  has  nothing  to 
recommend  it ;  or  we  must  adopt  some  awkward  periphrasis  of  several 
words,  and  when  we  have  done  this,  as  the  idiom  of  the  language  requires 
the  adjective  to  precede  the  noun,  contrary  to  the  principles  of  classifi- 
cation, which  require  the  generic  to  precede  the  specific  name ;  we 
must  either  violate  this  rule,  or  adopt  such  inversions  as  Speedwell  pani- 
cled.  Speedwell  many- stalked,  &c. 

In  the  animal  kingdom  the  same  incongruities  would  arise,  enhanced 
by  the  more  powerful  effects  of  early  associations  connected  with  names 
habitually  used  before  classification  was  thought  of;  associations,  too, 
usually  repugnant  to  true  science :  thus  the  genus.  Cants,  would  be 
divided  as  follows,  Dog-dog,  Dog-fox,  Dog-wolf,  Dog-hyaena,  &c. 

One  inevitable  result  of  improved  knowledge  of  the  relations  of 
organic  beings  is  the  continual  establishment  of  new  genera,  or  the  divi- 
sion of  one  into  several ;  if  the  Greek  and  Latin  languages  are  employed 
to  furnish  appellations  for  these,  we  are  enabled  by  their  exhaustless  fer- 
tility to  adopt  such  as  shall  have  a  reference  to  the  original  group  of 
species  requiring  re-arrangement,  and  the  spirit  of  classification  is  pre- 
served in  the  change.  The  science  of  conchology  afibrds  pregnant 
examples  of  what  we  allude  to. 

The  genus,  Ve?nis,  is  now  broken  up  into  ten  or  a  dozen  intimately 
related  to  it,  and  yet  absolutely  requiring  to  be  separated  from  it;  how 
elegantly  and  how  philosophically  are  the  new  generic  names  furnished 
by  the  goddess's  Greek  synonyms,  Dione,  Aphrodite,  Astarte,  Cytherea, 
Cyprina,  &c.     In  what  manner  could  we  accomplish  this  in  English? 

When  genera,  intermediate  to  Cardium  and  Venus,  were  discri- 
minated, how  correctly  and  briefly  did  the  factitious  compounds,  Veneri- 
cardium,  Jsocardium,  Sec,  express  the  new-found  relations.  Compare 
with  these  the  absurd  barbarous  designations,  stone-piercer ,  gaper, 
razor-sheath,  top-shell,  kneadi^ig-trough,  ear-shell,  barnacle,  &c.  &c., 
which  are  to  be  met  Avith  in  popular  works  on  conchology,  and  even  in 
our  national  museum ;  and  when  English  names  are  not  used,  foreign 
ones  are  adopted,  which  can  possess  no  advantage  over  Latin  or  Greek 
appellations,  such  as  Cowry  instead  of  Cyprcea. 

It  will   be   said   that   custom  must  determine  after  all  in  these 
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matters ;  and  that  while  it  is  the  custom  to  call  a  Campanula  by  the 
hard  word,  and  a  Tropseolum  by  the  wrotig  word  (Nasturtium,  which  is 
the  name  of  the  water-cress),  no  reasoning  will  induce  a  change ;  we  are 
far  from  flattering  ourselves  that  any  observations  of  ours  will  have  this 
effect,  nor  is  it  a  matter  of  the  slightest  consequence  by  what  name  an 
object  is  designated,  when  it  is  spoken  of  without  reference  to  others; 
but  the  attempt  to  restore  ambiguous  trivial  names  in  scientific  works, 
while  we  are  endeavouring  at  the ,  same  time  to  inculcate  the  necessity 
for  an  accurate  discrimination  in  minute  particulars  of  habits,  structure, 
properties,  &c.,  of  animals,  must  have  a  mischievous  tendency  equally 
to  knowledge  and  to  taste. 

Suppose,  for  example,  that  English  names  were  adopted,  and  that 
desirous  of  avoiding  such  barbarisms  as  mammals,  exogens,  &c.,  we 
translated  the  classical  names;  the  animal.  Agouti,  which  is  of  the  order 
Rodentia,  class  Mammalia,  would  be  described  as  belonging  to  the  order 
Gnawers,  class  Sucklers.  Admitting  this  phraseology  to  be  desirable, 
what  must  we  do  to  define  a  slug?  To  be  consistent,  we  must  call  it  a 
shell-less,  land,  gill-less,  belly-booted  molluscous  animal,  winding  up  with 
an  adjective,  for  which  no  human  ingenuity  can  find  an  English  equi- 
valent in  less  than  ten  words ;  would  it  not  be  better  in  every  respect, 
even  in  popular  works,  to  define  the  creature  as  a  species  of  the  genus 
Limax,  of  the  section  terrestrial  Pubnonia,  class  Gasteropoda,  division 
Mollusca?  for  it  is  clear  that  the  person  who  could  really  comprehend 
the  English  definition,  must  also  be  sufficiently  master  of  classification  to 
comprehend  the  latter ;  and  if  he  did  not  know  the  etymology  of  gastero- 
poda, he  would  at  least  have  become  familiar  with  it  as  a  term  for  a 
large  class  of  Mollusca,  the  character  of  which  is  to  have  the  organ  of 
locomotion  on  the  part  analogous  to  the  belly  of  more  perfect  animals. 

Our  illustrations  have  been  entirely  drawn  from  natural  history  and 
physics,  because  it  is  in  science  alone  that  we  think  the  adoption  of 
vernacular  terms  to  be  particularly  deprecated.  With  regard  to  mere 
technical  words  in  the  arts,  custom  and  the  good  taste  of  individuals  are 
sufficient  guides  as  to  the  propriety,  or  otherwise,  of  adopting  Greek  and 
Latin  names.  We  smile  at  the  appropriation  of  Caminology,  by  the 
French,  to  express  the  trade  of  a  chimney-doctor,  or  of  lithologic  arts  to 
designate  those  of  a  bricklayer  and  mason;  but  it  would  be  difficult  to 
offer  any  valid  reason  against  their  adoption,  while  so  many  others,  not 
more  necessary,  are  tolerated ;  why  do  we  ridicule  an  "  Emporium  for 
Blacking,"  and  not  "  a  Bazaar?"  And  are  we  not  guilty  of  downright 
nonsense  in  styling  a  collection  of  foreign  animals  placed  in  a  pleasure- 
ground  the  Zoological  gardens?  The  fact  is,  it  is  the  Avorth  of  the  sub- 
ject that  sanctions  a  name  in  one  case,  and  makes  it  contemptible  in 
another;  but  being  willing  to  leave  these  comparatively  unimportant 
matters  to  a  censor  of  taste,  we  hope  that  science  will  be  left  to  recruit 
its  nomenclature  from  those  languages  in  which  it  drew  its  first  breath, 
until  our  own  undergoes  such  a  revolution  as  will  better  fit  it  for  the 
purpose, — a  revolution  which  every  one  would  deplore,  but  which  Avill 
be  accelerated  by  injudicious  advocates. 


ON  THE  ROUGH  DIAGRAMS  REPRESENTATIVE  OF 
SPHERICAL  FIGURES. 

The  principles  on  which  the  circles  of  the  sphere  should  be  represented, 
are  very  simple;  and  yet  the  practice  of  mathematicians,  who,  of  all  men, 
ought  most  to  attend  to  such  matters,  seems  to  indicate  a  total  absence 
of  all  principle  whatever  in  sketching  their  diagrams.  The  distorted 
and  unmeaning  figures  which  are  often  given  to  illustrate  spherical 
problems,  are  sometimes  really  painful  to  look  upon ;  and  this  not  only 
in  the  drawings  of  the  young,  but  of  the  most  able  mathematicians.  I 
hope  this  will  be  a  sufficient  apology  for  the  few  following  remarks. 

The  best  mode  of  representing  spherical  figures,  except  when  a 
particular  mode  of  projection  is  implied  in  the  mode  of  reasoning,  is  the 
common  perspective  representation  on  a  plane  at  right  angles  to  the  line 
drawn  from  the  eye  to  the  centre  of  the  sphere..  A  case  of  this  is  the 
orthographic  projection;  and  the  limit  on  the  other  side  is  the  stereogra- 
phic.  The  latter  is  too  much  distorted  to  furnish  any  idea  of  the  magni- 
tude and  figure  of  the  curve  projected';  and  perhaps  the  orthographic  is 
of  all  kinds  the  best;  though  the  perspective  taken  with  the  eye  at  the 
distance  of  fifteen  or  twenty  times  the  diameter  of  the  sphere  may  do 
very  well.  In  all  cases  where  the  projecting  point  is  without  the  circle,  the 
figures  into  which  the  circles  of  the  sphere  are  projected,  are  ellipses, 
and  they  are  all  concave  towards  the  centre  of  the  sphere.  Moreover, 
the  more  inclined  the  planes  of  the  circles  are  to  the  principal  line  of 
vision  the  greater  will  their  minor  axes  become. 

Those  great  circles  which  pass  through  the  point  in  which  the  prin- 
cipal line  of  vision  cuts  the  surface,  will  be  projected  into  straight  lines 
— a  construction  Avhich  should,  except  several  such  circles,  symmetrically 
related  to  the  figure,  pass  through  one  point, — be  generally  avoided,  as 
it  renders  us  liable  to  mistakes,  when  actual  straight  lines  occur  in  the 
investigation.  This  precaution  is  unnecessary  when  less  circles  pass 
through  that  point,  as  there  is  then  no  liability  to  mistake,  these  being 
projected  into  ellipses. 

The  parts  of  the  figure  which  lie  on  the  hidden  hemisphere  should 
be  dotted,  and  form  continuous  ellipses  with  those  on  the  visible  hemi- 
sphere; and  it  would  be  well  to  mark  the  corresponding  points  with  the 
same  letters,  accenting  those  on  the  dotted  part  of  the  figure.  This  is 
in  strict  accordance  with  the  practice  of  the  best  French  wiiters  on 
Descriptive  Geometry. 

When  the  figures  represented  are  other  than  circles,  the  best  mode 
of  marking  a  few  leading  points  of  them  through  which  the  projection 
is  to  pass,  is  to  draw  radiating  great  circles  from  the  upper  point  of  the 
great  circle  parallel  to  the  plane,  and  projecting  the  poin<;s  in  these 
upon  the  paper  as  nearly  as  can  be  done  by  estimation,  trace  the  curve 
through  them.  Of  course,  if  Ave  wish  to  have  the  figures  constructed 
accurately,  we  must  proceed  in  the  usual  manner  taught  in  Avorks  on 
Perspective:  but  as  this,  especially  during  the  study  of  a  proposition,  is 
altogether  unnecessary,  and  as  it  is  desirable  that  we  should,  at  least, 
approximate  in  general  character  and  appearance  to  the  thing  intended, 
the  preceding  remarks  may  not  be  altogether  Avithout  their  use. 

Vicarage,  Overton,  Sept  16,  18.36.  P.  T. 

Vol.  II.  R  9 


242 


MISCELLANIES. 


English  Industry  in  Scientific  Research. 
"  Of  the  fifty-five  simple  substances  re- 
cognised in  physics,  twenty-two,  and  of 
the  forty-five  metals,  seventeen,  have 
been  discovered  in  England."  Our 
countrymen  may  plume  themselves,  if 
they  please,  on  this  fact.  We  sincerely 
wish  that  they  could  lay  claim  to  an  equal 
proportion  of  the  whole  of  the  great 
physical  laws,  and  of  the  formulae  by 
which  those  laws  are  expressed,— the 
results  of  profound  analytic  investiga- 
tions based  on  carefully-repeated  ex- 
periments, and  requiring  more  intensity 
of  mental  exertion  than  the  discovery 
of  a  new  body,  which  is  most  commonly 
fortuitous. 

New  Method  of  cultivating  the 
Cerealia. 

MM.  Edwards  and  Collin,  in  a  joint 
memoir  on  agricultural  chemistry,  have 
shown,  that  by  sowing  our  principal 
species  of  cerealia  in  the  summer  sea- 
son, a  profitable  harvest  of  straw,  or 
fodder,  may  be  obtained  the  first  year, 
the  plants  not  flowering,  owing  to  the 
elevation  of  temperature ;  and  that  the 
following  season,  the  same  plants,  expe- 
riencing the  usual  gradations  of  tem- 
perature, will  furnish  an  abundant  har- 
vest of  grain.  This  proceeding  has 
been  successfully  adopted  with  rye,  by 
a  member  of  an  agricultural  society  at 
Valenciennes ;  he  last  year  sowed  the 
rye,  and  towards  the  close  obtained  two 
cuttings  of  green  fodder ;  this  year  the 
same  plants  flourished  so  well,  that  they 
had  attained  a  height  of  seven  feet  a 
month  before  the  usual  time  of  harvest. 

Great  variation  of  Temperature  borne 
by  the  Human  Body. 

At  the  Hot-Baths  of  Kukurli,  at 
Broussa,  in  Bithynia,  (the  natural  tem- 
perature of  which  is  as  high  as  183°... 
189^°  Fahr.,)  the  Duke  of  Ragusa 
states  (in  the  notice  of  his  Travels  in 
the  East,  lately  communicated  to  the 
Academie  des  Sciences  by  M.  Arago,) 
that  he  saw  a  Turk  remain  for  a  lonff 
time  in  a  water-bath,  whose  temperature 
was  165'  Fahr.  This  fact,  which  ap- 
pears incredible,  the  Duke  affirms  in 
the  most  positive  manner ;  "  for,"  says 


he,  "  I  saw  the  fact  with  my  own  eyes. 
Dr.  Jeng,  an  Austrian  physician,  saw  it 
also,  and  remarked  at  the  time  what  a 
very  extraordinary  circumstance  it  was. 
I  therefore  give  it  as  perfectly  correct." 
Our  readers  may  remember  that  the 
late  Sir  J.  Banks  and  Sir  C.  Blagden, 
remained  in  an  oven  with  a  shoulder  of 
mutton  till  this  was  thoroughly  baked. 

The  power  of  enduring  great,  though 
not  abrupt  changes  of  temperature, 
has  been  put  in  a  striking  point  of 
view  during  the  late  Polar  expeditions. 
In  the  winter  of  1833-4,  Captain  Back 
and  his  party,  while  residing  at  Fort 
Reliance,  on  the  Great  Slave  Lake, 
were  exposed  to  an  average  tempera- 
ture of  -33'  (6 5 «  below  the  freezing 
point,)  during  the  whole  month  of 
January,  and  on  the  17th,  the  ther- 
mometer was  as  low  as  — 70°,  (102°  — 
fr.  pt.)  A  six  ounce  bottle  of  sulphuric 
ether  was  laid  on  the  snow ;  in  fifteen 
minutes  the  interior  upper  part  of  the 
phial  was  coated  with  ice,  and  the  ether 
became  viscid  and  opaque;  a  similar 
bottle  of  nitric  ether  indicated  the  same 
eff'ects  in  two  hours.  Pyroligneous  acid 
froze  in  thirty  minutes  at  a  temperature 
of-57°  (89° -fr.  pt.);  a  surface  of  four 
inches  of  mercury,  exposed  in  a  common 
saucer,  became  solid  in  two  hours. 

"  On  the  4th  of  February,  the  tempe- 
rature was -60°  (92° -fr.  pt.),  and  there 
being  at  the  same  time  a  fresh  breeze, 
was  nearly  insupportable:  with  eight 
large  logs  on  the  fire,  in  a  small  room,  1 
could  not  get  the  thermometer  higher 
than  -f  12°  (20° -fr.pt.,)  and  ink  and 
paint  froze  on  a  table  placed  as  near  the 
fire  as  I  could  bear  the  heat "— "  the  skin 
of  the  hands  cracked  and  opened  mto 
unsightly  gashes,  which  we  were  obhged 
to  anoint  with  grease.  On  one  occasion, 
after  washing  my  face  within  three  feet 
of  the  fire,  my  hair  was  absolutely  clotted 
with  ice  before  I  had  time  to  dry  it." 

On  the  25th  of  January,  the  thermo- 
meter was  at -18°  (50° -fr.  pt.,)  and  on 
the  26th  it  had  risen  to  +  22°,  (10° -fr. 
pt  ,)  while  on  the  following  day,  it  fell 
again  to  -49°  (8l°-fr.  pt.,)  thus,  in 
the  course  of  twenty-four  hours,  an 
inequahty  of  temperature  of  71°  had 
been  experienced  ;  on  the  8th  of  Febru- 
ary, a  difference  of  38°  took  place  in  the 
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same  time,  and  on  the  21st,  of  43".  On 
the  3rd  of  April  the  thermometer  was 
at  +  51",  (19°  +  fr.  pt.,)  and  on  the 
28th  of  May,  it  stood  at  +  81"  (49°  + 
fr.  pt.,)  and  yet  on  the  1st  of  that 
month  it  had  been  down  at  —  11°  (43° 
—  fr.  pt.)  When  the  party  set  out 
on  their  expedition  in  the  month  of 
June,  they  travelled  over  the  ice  on  the 
lakes  and  rivers,  and  yet  were  com- 
pelled to  journey  by  night,  because  the 
oppressive  sultry  heat  during  the  day 
was  so  great,  as  to  fatigue  the  men,  and 
knock  up  the  dogs ;  and  yet  the  ther- 
mometer frequently  fell  below  the 
freezing-point,  during  the  night. 

New  Link  between  the  Great  Divisions 
of  Organized  Beings. 

M.  GuERiN  has  detected  under  each  of 
the  first  rings  of  the  abdomen,  in  the 
Machilus  polypodia,  of  the  order  Thy- 
sanoura,  orders  of  respiration  analogous 
to  those  found  under  the  abdomen  of 
many  of  the  Crustacea;  in  all  other 
respects  the  insect  perfectly  agrees  with 
the  characters  of  its  class. 

Vapours  of  Saline    Solutions  and  of 
Water,  same  in  Temperature. 

It  is  generally  admitted,  that  the  aqueous 
vapour  which  is  disengaged  from  saline 
solutions  in  ebullition,  has  exactly  the 
same  temperature  as  the  superior  stratum 
of  the  solution,  and  that  thus  the  vapour 
possesses,  but  in  this  case  only,  an 
elasticity  equivalent  to  the  atmospheric 
pressure,  a  less,  consequently,  than  it 
would  have  attained  at  its  maximum  of 
density,  when  its  temperature  would  be 
much  higher  than  212°.  It  appears 
also  natural,  that  each  rising  bubble  of 
vapour  should  acquire  immediately  the 
temperature  of  the  tiuid  which  surrounds 
it  on  every  side,  and  should  continue  at 
the  same  time  to  be  subject  to  a  certain 
expansion  until  its  elasticity  becomes 
equal  to  the  atmospheric  pressure. 
This  also  perfectly  agrees  with  what 
happens,  when  vapour  is  disengaged 
from  saline  solutions  at  a  low  tempera- 
ture, by  the  effect  of  evaporation;  the 
vapours  of  such  solutions  being  always 
less  elastic  than  that  of  pure  water,  at 
the  same  temperature. 

"  All  physiciens  appear  to  hold  on  the 
temperature  of  vapour,  the  opinions 
we  have  just  expressed,"  says  M.  Rud- 
berg,  and  he  quotes  to  support  this 
assertion,    several    passages   from   the 


works  of  MM.  Biot,  Gay-Lussac,  Pou- 
illet,  &c. ;  he  then  adds,  "  but  notwith- 
standing these  authorities,  such  a  view 
of  the  subject  is  incorrect,  in  fact,  the 
temperature  of  the  vapour  which  rises 
from  a  saline  solution  in  ebullition,  is 
independent  of  the  nature  and  of  the 
quantity  of  the  salt  dissolved;  it  is, 
under  the  same  barometric  pressure, 
absolutely  the  same  as  that  of  the  vapour 
which  rises  from  pure  water.'" 

M.  Rudberg  had  been  led  to  make 
some  rigid  inquiries  into  the  subject, 
after  having  found  that  water  put  into 
ebullition,  either  in  vessels  of  glass  or 
of  metal,  always  gives  out,  under  the 
same  atmospheric  pressure,  vapour  of 
precisely  the  same  temperature,  although 
the  water  itself,  when  it  boils,  be,  as  M. 
Gay-Lussac  had  already  observed,  actu- 
ally hotter  when  it  is  in  the  first  kind  of 
vessels  than  when  in  the  second.  As  in 
this  case  the  difference  of  the  tempe- 
ratures of  boiling  water  is  produced  by 
an  unequal  adhesion  of  the  water  to  the 
interior  surfaces  of  the  vessels,  it  would 
appear  more  than  probable  that,  in  the 
same  manner,  the  attraction  of  the  salt 
by  the  water  raises  the  solution  only  to 
a  temperature  superior  to  212'',  without 
exercising  any  analogous  influence  on 
that  of  the  vapour.  The  experiments 
of  M.  Rudberg  have  fully  confirmed  this 
conjecture. 

He  began  by  constructing  an  appa- 
ratus which  could  not  be  aflfected  by 
the  influence  of  any  external  disturb- 
ing circumstances;  he  then  made  his 
experiments  on  diff"erent  days,  and 
under  different  atmospheric  pressures. 
His  intention  being  principally  to  [as- 
certain by  these  means,  if  the  tempe- 
rature would  follow  a  corresponding 
march  to  that  of  the  barometer,  because, 
in  this  case,  it  would  be  the  best  proof 
that  the  cause,  through  which  the 
vapoiir  possesses  a  temperature  inferior 
to  that  of  the  saline  solution,  and  ex- 
actly the  same  as  that  of  the  vapour 
of  distilled  water  under  the  same 
pressure,  ought  not  to  have  been  sought 
in  the  refrigerating  action  of  the  air,  but 
in  the  phenomenon  itself  of  the  forma- 
tion of  vapour. 

During  these  series  of  experiments, 
M.  Rudberg  examined  many  times  the 
temperature  of  the  vapour  of  distilled 
water,  principally  with  the  intention  of 
ascertaining  if,  by  the  effect  of  con- 
tinued heat,  the  point  of  ebullition 
of  the  thermometer  did  not  undergo  a 
R  2 
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small  chanrfc  of  place.  This  point  was 
raised,  in  fact,  0.054  Fahr.,  and  subse- 
quently remained  at  this  height. 

The  liquids  which  were  submitted  to 
experiment  were  solutions  of  muriate  of 
lime,  of  neutralized  carbonate  of  potash, 
of  saltpetre,  of  common  salt,  and  of  sul- 
phate of  zinc.  At  the  commencement  of 
each  series  of  experiments,  the  solutions 
were  so  concentrated  that  there  remained, 
at  the  temperature  of  the  chamber, 
much  salt  undissolved :  by  boiling  the 
solutions  again  from  time  to  time,  they 
were  gradually  still  more  concentrated. 
The  conclusion  drawn  from  the  experi- 
ments was,  that  the  vapour  which  rises 
from  a  saline  solution  in  ebullition  has 
precisely  the  same  temperature  as  that 
which  is  disengaged  from  distilled 
water  under  the  same  atmospheric 
pressure,  ivhatever  be  the  number  of 
degrees  which  the  temperature  of  the 
solution  may  be  still  more  elevated  by 
reason  of  the  quantity  and  the  nature 
of  the  salt  dissolved. 

Such  is  the  first  consequence,  to  which 
the  results  of  these  experiments  have 
led  M.  Rudberg,  in  the  most  satisfac- 
tory manner.  Other  important  ones 
seem  also  to  flow  from  them,  but  these 
have  not  yet  been  established  beyond 
doubt  by  direct  experiment. 

If  we  now  consider  the  formation  of 
vapours  in  saline  solutions  by  evapora- 
tion, the  experiments  of  MM.  Dalton, 
Gay-Lussac,  and  Prinsep,  have  esta- 
blished that  the  vapour  of  a  saline 
solution  has  an  elasticity  much  less 
than  that  of  pure  water,  when  the  two 
liquids  have  the  same  temperature.  It 
therefore  follows,  inversely,  that  for  the 
same  elasticity,  the  vapour  of  a  saline 
solution  is  hotter  than  that  of  pure 
water.  It  results  likewise  from  experi- 
ment, that  this  difference  of  temperature 
increases  with  the  quantity  of  salt  dis- 
solved, and  that  it  also  varies  according 
to  the  nature  of  the  salt.  From  these 
two  results  it  clearly  follows  that  between 
the  temperature  of  vapour  and  its  elas- 
ticity, the  relation  is  sensibly  different, 
according  as  the  vapour  is  produced  by 
the  ebullition  of  a  saline  solution  or  by 
evaporation  from  its  surface. 

The  cause  of  this  difference,  and  that 
of  the  uniformity  of  the  temperature  of 
vapour  formed  by  water  and  by  saline 
solutions,  under  the  same  atmospheric 
pressure,  can  only  be  finally  ascertained 
by  a  more  exact  examination  of  the 
formation  of  vapours  in  saline  solutions 
by  evaporation. 


New  Term  in  Physics. 

It  is  now  well  ascertained  that  certain 
bodies,  organic  or  inorganic,  simple  or 
compound,  when  in  contact,  mutually 
act  on  each  other  in  a  manner  distinct 
from  simple  chemical  agency,  and  that 
compounds  are  the  result,  the  elements 
of  which  are  not  immediately  traceable 
in  the  original  substances.  In  the 
organic  world,  the  effects  of  this  un- 
known power  are  numei'ous  and  well 
known  in  the  various  animal  and  vege- 
table secretions,  and  the  branch  of 
science  which  analyzes  the  products  and 
their  apparent  origin  has  been  hence 
called  organic  chemistry.  In  our  pre- 
sent state  of  ignorance  of  the  subject, 
M.  Berzelius  proposes  to  give  the  name 
catalytic  to  this  unknown  agency,  and 
catalysis  to  the  decomposition  of  the 
bodies  resulting  from  it.  The  apparent 
secretion  (if  we  may  apply  the  terra 
here)  of  minerals  in  veins  of  rocks,  not 
apparently  containing  the  immediate 
elements  of  these  depositions,  is  the 
most  remarkable  example  of  the  effects 
of  catalytic  force  in  the  inorganic  world ; 
the  recent  researches  of  Mr.  Fox,  as  ex- 
plained by  him  at  the  Bristol  British 
Association  meeting,  seem  to  promise 
to  throw  some  additional  light  on  the 
subject. 

Comparison    of  distant    simultaneous 
Vibrations  of  the  Magnetic  Needle. 

Hrr.  Gauss,  Astronomical  Professor 
in  the  University  of  Gottingen,  has  de- 
lineated upon  a  chart,  the  variations  of 
the  magnetic  needle,  as  they  were 
observed,  on  the  1st  of  April,  183'),  in 
the  cities  of  Copenhagen,  Altona,  Giit- 
tingen,  Leipsic,  and  Rome*.  The  vi- 
brations are  represented  by  circular  arcs 
drawn  to  the  same  scale.  These  arcs 
were  found  to  be  the  longest  at  Copen- 
hagen, and  the  shortest  at  Rome.  The 
result  is  peculiarly  deserving  of  atten- 
tion, as  the  day  of  observation  happened 
to  be  one  on  whieh  an  eruption  of  Ve- 
suvius occurred.  The  comparatively 
feeble  oscillations  at  Rome  at  such  a 
time,  would  seem  to  contradict  the 
opinion  grounded  upon  some  other  ob- 
servations,— that  this  kind  of  phe- 
nomenon has  an  influence  on  the  mag- 
netic needle. 

*  Selected,  it  is  presumed,  from  their  dif- 
fering little  in  longitude. 
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Phosphorescence  of  Decayed  Wood. 
The  investigations  of  M.  Dessaignes  on 
this   subject   have   been   recently   con- 
firmed by   experiments    made    by   M. 
Florio,      The    results    are,   first,   that 
different  kinds  of  decayed  wood  placed 
under  favourable  conditions,  exposed  to 
atmospheric  air  and  moisture,  are  capa- 
ble of  shining  in  the  dark ;  secondly, 
that  the  emission  of  light  is  at  a  maxi- 
mum in  oxygen,  and  is  destroyed  by 
hydrogen,    azote,    and  carbonic   acid; 
thirdly,    that  the   wood   ceases   to   be 
luminous  when  placed  in  vacuo,  which 
proves  that  the  phenomenon  is  only  one  of 
slow  combustion.     It  is  also  ascertained 
that  a  temperature  of  from  50°  to  55» 
is  by  no  means  essential  to  it,  as  was 
believed   by   M.   Dessaignes,    at   least 
not   when    the    combustion    has    com- 
menced ;  on  the  contrary,  the  phospho- 
rescence is  not  perceptibly  diminished 
by  the  temperature  of  ice,  and  if  the 
vessel  containing  the  decayed  wood  be 
plunged  in  a  refrigerating  mixture  of 
four    or   five   degrees    minus,    the    lu- 
minousness   continues    for   upwards  of 
an  hour,  and  that  heat  does  not  apnear 
to  augment  it.     M.  Florio  also  ascer- 
tained that  if  decayed  wood,  the  phos- 
phorescence of  which  was  maintained 
by  moistening  with  water,  were  wetted 
with  alcohol,  the  light  was  extinguished 
in  a  few  minutes,  while  on  the  other 
hand,  it  continued  more  than  a  day  if 
oil  were  applied  in  the  same  manner. 
He  has  also  found  that  this  phosphoric 
light    does    not  present   any   trace   of 
polarization  or  of  electricity,  and,  finally, 
as  a  simple  means  of  measuring  its  in- 
tensity, he  arranged  three  mirrors,  and 
found   that   the  light  received  by  the 
third,   after  reflections   from   the    first 
and  second,  was  still  perceptible  in  a 
fourth;  and  also  that  the  phosphores- 
cence was  perceptible  through  an  enve- 
lope of  six  sheets  of  thin  paper  in  which 
the  wood  was  enclosed. 

On  Veratria. 

As  Veratria  now  ranks  among  the  most 
salutary  ingredients  in  Materia  Medica, 
it  must  naturally  be  of  great  interest  to 
the  pharmaceutical  and  medical  world, 
to  obtain  so  valuable  a  substance  in  its 
perfect  purity,  that  is,  very  white,  with- 
out being  adulterated  with  foreign  ar- 
ticles; the  author  of  these  lines  take 
this  opportunity  of  comparing  the 
methods  hitherto  pursued  for  the  pre- 


paration, with  the  one  lately  recom- 
mended by  the  pharmaceutist  Simon  of 
Berlin. 

Veratria  was  discovered  in  1819, 
by  Pelletier  and  Caventou,  and  at  the 
same  time  by  Meissner,  in  several  plants 
of  the  genus  Veratrum,  and  particularly 
in  the  root  of  Veratrum  album,  or 
white  hellebore,  and  in  the  seed  of 
Veratrum  sabadilla,  sabadilla  seed. 

The  sabadilla  seed  was  treated  with 
sulphuric  ether,  which  dissolved  a  vola- 
tile crystallizable  acid,  and  a  fatty  and 
other  substances ;  the  residuum  treated 
with  boiling  alcohol,  a  deep  brown  co- 
louring-matter is  obtained,  which  is 
filtered  off  and  evaporated  to  the  con- 
sistency of  an  extract.  Cold  water  will 
now  dissolve  this  extract,  except  a  small 
quantity  of  fatty  matter  which  is  filtered 
off;  the  solution,  however,  has  to  be 
concentrated  by  evaporation,  and  filtered 
again,  and  then  precipitated  with  sugar 
of  lead,  which  yields  a  copious  yellow 
precipitate,  and  an  almost  colourless 
liquor,  which,  after  having  passed  some 
sulphuretted  hydrogen,  for  removing  any 
excess  of  lead,  and  filtered  and  evapo- 
rated again,  is  treated  with  magnesia. 
This  precipitate,  when  dissolved  in  boil- 
ing alcohol,  which  is  afterwards  to  be 
distilled  off  again,  yields  a  pulverulent 
substance,  the  veratria,  which  is  yellow- 
ish, but  which  may  be  whitened  by  re- 
peated treatments  with  alcohol  and  pre- 
cipitations of  water. 

Couerbe's  method  is  to  make  an  alco- 
holic extract  from  which  alcohol  is  dis- 
tilled oflT,  and  this  brownish-red  extract 
is  now  boiled  with  water  acidulated  with 
sulphuric  acid,  until  a  mineral  alkali 
does  not  indicate  any  precipitate;  by 
adding  now  a  solution  of  potassa  or 
ammonia,  the  base  or  veratria  is  preci- 
pitated in  its  yet  impure  state. 

For  obtaining  it  still  purer,  it  is  dis- 
solved in  very  diluted  sulphuric  acid, 
and  to  the  sulphate  of  veratria  so  ob- 
tained, are  added  some  drops  of  nitre, 
acid,  and  the  liquor  is  decomposed  by 
potassa  dissolved,  and  we  obtain  the 
alkaline  matter,  which  is  washed  with 
cold  water,  and  redissolved  again  with 
boiling  alcohol,  &c.  Simon's  method, 
however,  as  described  in  the  Berlin 
Annals  is  very  simple ;  the  seed  is 
treated  with  boiling  alcohol,  which  is 
distilled  off  afterwards,  and  the  extract 
boiled  with  water  acidulated  with  sul- 
phuric acid,  until  subcarbonate  of  soda 
will  no  more  produce  a  precipitate;  the 
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whole  liquor  is  set  aside  for  settling, 
(luring  which  period  the  oil  of  sabadilla 
is  separated  and  filtered  from  it,  and 
then  it  is  precipitated  by  subcarbonate 
of  soda,  so  as  to  leave  the  fluid  alkali ; 
then  put  the  kettle  over  the  fire,  when 
the  froth  will  at  once  be  removed; 
before  it  begins  to  boil,  veratria  coagu- 
lates together,  and  may  easily  be  re- 
moved. Tt  is  washed  out  with  water 
and  discoloured  in  the  following  man- 
ner. After  having  dissolved  it  in  boil- 
ing alcohol,  add  then  animal  charcoal, 
and,  after  agitating  for  some  time,  filter 
the  fluid,  which  will  at  last  become  quite 
clear;  evaporate  the  spirits  of  wine  over 
a  sand-bath,  and  the  remaining  mass  in 
a  porcelain  dish  by  means  of  water- 
vapours.  It  is  obvious  now,  in  what  an 
improved  manner  veratria  may  be  ob- 
tained by  this  last  process ;  according 
to  the  first,  when  the  veratria  was  filtered 
off,  and  washed  out  with  water,  and 
then  redissolved  again,  concentrated 
and  precipitated  again  with  soda,  the 
alkaloid  was  separated  by  pressing  it 
between  blotting-paper,  and  must  natu- 
rally suffer  a  great  loss'in  the  product; 
whereas,  in  the  latter,  the  alkaloid  is 
separated  from  its  acid  solution,  and  it 
runs  from  itself  by  means  of  heat  in 
the  basic  fluid  to  its  proper  substance. 
The  product  by  the  former  process  was 
forty  grains  from  the  ounce  of  clear 
seed,  and  that  obtained  by  the  last  pro- 
cess is  fifty -four  grains,  which  is  33  per 
cent.  more. — Silliman's  Journal. 

Migration  of  North  American  Birds. 
By  the  Rev.  J.  Bachman. 

From  a  variety  of  accurate  experiments 
which  have  been  made  at  different  pe- 
riods, it  appears  that  the  hawk,  the  wild 
pigeon,  (Columba  migratoria,)  and 
several  species  of  wild  ducks,  fly  at  the 
rate  of  a  mile  in  a  minute  and  a  half; 
this  is  at  the  rate  of  forty  miles  an  hour, 
four  hundred  and  eighty  between  the 
rising  and  setting  of  the  sun,  and  nine 
hundred  and  sixty  miles  in  twenty-four 
hours.  This  would  enable  birds  to  pass 
from  Charleston,  U.  S.,  to  the  distant 
northern  settlements  in  a  single  day, 
and  easily  accounts  for  the  circumstance, 
that  geese,  ducks,  and  pigeons  have 
been  taken  in  the  northern  and  eastern 
states,  with  undigested  rice  in  their 
crops,  which  must  have  been  picked  up 
in  the  rice-fields  of  Carolina  or  Georgia 
but  the  day  before. 


There  is  a  well-attested  account  of  a 
falcon  from  the  Canary  Islands,  sent  to 
the  Duke  of  Lerma,  which  returned 
from  Andalusia  to  the  Island  of  Tene- 
riffe  in  sixteen  hours,  which  is  a  passage 
of  seven  hundred  and  fifty  miles.  The 
story  of  the  falcon  of  Henry  II,  is  well 
known,  which,  pursuing  with  eagerness 
one  of  the  small  species  of  bustards  at 
Fontainbleau,  was  taken  the  following 
day  at  Malta,  and  recognised  by  the 
ring  which  she  bore.  Swallows  fly  at 
the  rate  of  a  mile  in  a  minute,  which 
would  be  one  thousand  four  hundred 
and  forty  miles  in  twenty-four  hours. 

That  many  birds  continue  their  mi- 
grations by  night  as  well  as  by  day,  and 
are  thus  enabled  to  make  an  additonal 
progress,  may  be  easily  ascertained  from 
their  notes,  which,  in  Autumn  and 
Spring,  the  seasons  of  their  migration, 
we  often  hear  by  night.  The  cries  of 
geese,  cranes,  and  some  species  of  land- 
birds  are  distinctly  heard,  and  others  fly 
silently.  Wdd  pigeons  are  frequently 
seen,  at  early  dawn,  in  the  higher  at- 
mosphere. They  fly  higher  by  night 
than  by  day,  and  thus  experience  less 
inconvenience  from  darkness.  The 
great  Hooping  Crane  scarcely  ever 
pauses  in  his  migrations  to  rest  in  the 
middle  States.  I  have  heard  his  hoarse 
notes  as  he  was  passing  over  the  highest 
mountains  of  the  Alleghany;  but  he 
was  always  too  high  to  be  seen  by  the 
naked  eye.  This  bird  seems  to  take 
wing  from  his  usual  winter  retreats  in 
the  south, ascends  intothe  higherregions 
of  the  ail",  and  scarcely  halts  until  he 
arrives  at  his  breeding-places,  in  or 
near  the  polar  regions. 

Singular  Employment  of  the 
Human  Race, 

In  Mexico,  the  fattening  of  hogs  is 
carried  on  upon  the  most  extensive  scale, 
in  large  establishments  devoted  to  the 
purpose.  In  these,  young  persons, 
chonen  for  their  strength  of  lungs,  are 
employed  to  sing  the  animals  to  sleep ; 
and  in  the  intervals  of  their  repose,  and 
of  their  meals,  these  choristers  are  busy 
in  appeasing  the  little  jealousies  and 
quarrels  excited  among  their  charges 
by  dyspepsia.  It  is  stated  that  the 
audience  show  great  satisfaction  with 
the  performances,  and  sometimes  throw 
in  u  few  notes,  pour  encourager  les 
autres. 
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Organic  Origin  of  Tripoli  Stone. 

M.  Ehrenberg  has  recently  made  the 
remarkable  discovery  that  the  siliceous 
rocks,  apparently  homogenous,  friable 
and  even  laminated,  and  which  are 
known  by  the  name  of  Tripolies,  (poller 
schiefer  of  Werner,)  are  entirely  for- 
med of  distinct  remains,  or  rather  ske- 
letons of  infusorial  animals  of  the  bac- 
cilarian  order,  and  of  the  genera  cocco- 
nema,  synedra,  gaillonella,  &c.  These 
remains,  which  have  perfectly  preserved 
the  form  of  the  silicified  bodies  of  these 
infusorise,  may  be  seen  with  the  greatest 
distinctness  in  a  microscope,  and  may 
be  readily  compared  with  the  living 
species  which  have  been  observed  and 
accurately  drawn  by  M.  Ehrenberg. 
In  many  cases  there  is  no  appreciable 
difference ;  the  species  are  discrimi- 
nated by  the  form,  or  more  distinctly, 
by  the  number  of  the  transversal  septa 
which  divide  their  minute  bodies ;  and 
M.  Ehrenberg,  who  has  succeeded  in 
counting  them,  has  found  the  same 
number  of  these  septa  in  the  fossile  and 
in  the  living  species.  His  investigations 
have  been  made  on  the  tripolies  of 
Bilin,  in  Bohemia,  of  Santa-Fiora,  in 
Tuscany,  and  on  those  of  Ile-de-France 
arid  Francisbad.  It  is  only  necessary 
to  take  a  sample  of  one  of  these  tripo- 
lies, that  of  Bihn  for  instance,  to  grate 
a  little  on  a  plate  of  glass,  to  temper  the 
dust  with  a  drop  of  water,  and  then  to  see 
by  means  of  a  good  microscope,  thou- 
sands, or  rather  millions  of  remains  of 
these  animalcula3 ;  the  greater  number 
of  the  species  are  fresh-water,  but  there 
are  also  marine,  especially  in  the  tripoli 
of  Ile-de-France.  M.  Dujardin  en- 
deavoured to  verify  this  singular  dis- 
covery; his  attempts  to  do  so  by  means 
of  the  tripolies  of  commerce,  and  of 
many  collections,  were  totally  fruitless ; 
but  fortunately,  at  the  Ecole  des  Mines, 
he  met  with  the  genuine  Bilin  tripoli. 
M.  Dufrenoy  pointed  out  to  him  the 
difference  between  this  pseudo-tripoli, 
which  is  a  fresh-water  depot  formed  in 
recent  geological  seras,  and  tripolies,  pro- 
perly so  called,  which  are  either  vol- 
canic rocks,  or  carbonaceous  schistus  of 
a  very  ancient  formation,  modified  by 
igneous  agency,  as  may  be  observed  in 
that  of  Poligni,  near  to  Rennes.  In  these 
tripolies,  in  that  of  Venice,  which  is 
yellowish,  and  whose  origin  is  not 
known,  as  well  as  in  many  others,  spe- 
cimens*, of  which  are  to  be  seen  in  the 


Ecole  des  Mines  or  in  the  Jardin  'des 
Plantes,  nothing  is  to  be  distinguished 
but  fine  equal-sized  grains  of  silica. 
The  stone  from  Bilin  is  of  a  clear 
grayish  -yellow,  laminated,  presenting 
all  the  appearance  of  a  very  modern  de- 
posit, and  entirely  composed  of  organic  re- 
mains ;  these  are  cylindrical  tubes  formed 
by  articulated  rings,  which  with  numbers 
of  detached  rings  are  found  simply  ag- 
gregated together  without  any  cement  or 
interposed  matter;  the  rings  are  of 
various  magnitudes,  from  the  ^o osocts  to 
the  T!5o§o  05  of  an  inch  in  diameter,  their 
average  altitude  being  about  half  their 
diameter;  they  may  be  discerned  by 
means  of  a  single  lens,  magnifying  70 
or  80  times.  These  fossils  are  evidently 
organic  remains,  but  inform  they  have 
no  resemblance  to  the  baccilaria,  which 
are  prismatic.  From  what  M.  Dufrenoy 
told  him  concerning  the  Santa  Fiora  tri- 
poli, which  is  also  a  recent  deposit,  M. 
Dujardin  conceives  that  analogous  fos- 
sils will  be  discovered  in  other  siliceous 
friable  deposits  belonging  to  the  tertiary 
formations  ;  but  nothing  of  the  kind  is 
perceivable,  even  in  the  pulverulent 
siliceous  deposit  accompanying  the 
Menilites  of  the  Paris  basin. 

Chalk  taken  from  certain  parts  of 
the  cretaceous  formation,  has  been  found 
to  consist  of  the  debris  of  minute  corals, 
foraminifera,  and  valves  of  a  small 
entomostraceous  animal  resembling  the 
cytherina.  It  is  probable,  therefore, 
that  organic  agency  has  been  more  ex- 
tensively employed  in  the  formation 
of  the  crust  of  the  globe  than  has 
hitherto  been  supposed ;  the  last-men- 
tioned fact  giving  additional  support  to 
the  hypothesis  that  lime  is  a  product  of 
organic  origin.  We  hope  that  the  na- 
turalists of  our  own  country  will  hasten 
to  ascertain  and  confirm  the  truth  of 
this  singular  discovery. 

Hypotheses  respecting  Aurora 
Borealis. 

Our  readers  are  aware  that  at  the  late 
meeting  at  Bristol,  Mr.  Herapath  de- 
scribed the  appearances  presented  by  a 
remarkable  Aurora  he  witnessed  in 
November  last,  from  which  he  came  to 
the  conclusion  that  that  phenomenon  is 
merely  electricity  passing  off  from  a 
charged  cloud,  in  the  act  of  dissolving 
in  air  that  can  take  its  water,  but  not 
its  electrical  fluid,  which  consequently 
becomes  visible. 
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Professor  Joslin.  of  Schenectady,  U.S. 
has  recently  pnblished  a  pai)er  on  the 
subject  of  Aurora,  and,  from  a  number  of 
observations,  comes  to  the  conclusions, 
That  the  temperature  of  the  air  is  fall- 
ing, and  the  atmospheric  pressure  in- 
creasing, on  the  day  in  which  an  Aurora 
appears ;  that,  generally,  after  an 
Aurora,  the  atmospheric  pressure  de- 
creases, temperature  rises,  and  water  falls 
as  snow  or  rain  within  two  days ;  that 
the  air  at  the  earth's  surface,  if  not 
saturated  with  moisture  at  the  time  of 
an  Aurora,  is  much  nearer  than  usual  to 
that  point. 

It  will  be  easily  perceived  that  these 
results  are  conformable  to  Mr.  Hera- 
path's  hypothesis.  Pi-ofessor  Joslin, 
however,  proposes  another  equally  de- 
serving of  attention, — that  Aurora  is 
the  result  of  crystallization  of  the  va- 
pours of  the  atmosphere.  The  follow- 
ing are  the  principal  steps  in  the  argu- 
ment. 

Light  is  given  out  during  the  pro- 
cess of  congelation,  and  since  it  appears 
that  the  state  of  the  atmosphere  is 
favourable  to  the  deposition  of  moisture, 
and  to  its  crystallization  from  the  de- 
creasing temperature,  it  is  hence  possi- 
ble, if  not  probable,  that  the  light  is  the 
result  of  this  action.  If  the  molecules  of 
crystals  have  a  peculiar  kind  of  polarity 
which  governs  them  in  their  arrange- 
ment, they  may  be  also  affected  by  the 
magnetism  of  the  earth,  and  thus  would 
be  produced  the  columns  which  Aurora 
usually  presents,  their  fluctuations 
arising  from  the  unsteady  nature  of  the 
atmosphere  and  the  continual  repro- 
duction of  light  from  the  crystallization 
of  new  quantities  of  vapour. 

It  has  also  been  observed,  that  Au- 
roras are  most  common  during  the 
months  of  November  and  December, 
and  that  when  they  consist  merely  of  a 
bank  of  light,  like  the  dawn,  the  mag- 
netic needle  is  but  slightly  affected ;  but 
that  when  beams  or  streamers  are  formed, 
the  disturbance  of  the  needle  seems  to 
indicate  a  more  active  magnetic  energy. 

There  is  no  contradiction  between 
the  hypotheses  of  these  two  gentlemen, 
and  as  all  theories  are  only  regarded  by 
true  followers  of  inductive  science,  as 
guides  in  the  collection  of  new  facts  by 
which  the  real  explanation  of  a  pheno- 
menon may,  in  time,  be  arrived  at, 
meteorologists  will  have  new  incen- 
tives to  extended  and  accurate  obser- 
vations. 


Convenient  num£rical  Expression  of  the 
Welfare,  <$'C.,  of  a  Nation. 

M.  DupiN,  the  present  President  of  the 
Academic  des  Sciences,  in  his  "  Re- 
searches on  the  Influence  of  the  Price 
of  Corn  on  the  population  of  France," 
read  in  May  and  June  last  before  the 
Academy,  has  come  to  the  conclusion, 
that  it  is  untrue  to  assert  that  the 
abundance  or  scarcity  of  the  means  of 
subsistence,  acts  as  the  principal  and 
predominant  cause,  in  the  amount  either 
of  births  or  of  deaths  in  the  French 
nation,  and  that  "the  yeai's  in  which 
the  greatest  numbers  of  marriages  take 
place,  are  not  those  in  which  the  prices 
of  provisions  are  the  lowest." 

He  considere  it  as  demonstrated,  that 
"the  fortuitous  causes  brought  into 
action  by  intemperate  seasons,  com- 
mercial fluctuations,  and  the  vicissitudes 
of  human  affairs,  produce  at  the  pre- 
sent time  much  greater  inequalities  in 
deaths,  marriages,  and  births,  than  the 
extremes  of  abundance  or  scarcity. 

"  It  is  not,  then,  necessary  or  useful," 
he  continues,  "  for  Frenchmen  to  extol 
the  desolating  doctrines  of  Malthus, 
which  deprecate  the  increase  of  the  hu- 
man race  by  the  less  opulent  classes." 
And  he  rejoices  "  that  Science  is  able  to 
demonstrate  that  the  speculative  and 
systematic  theories  which  freeze  up  the 
human  heart  and  wound  the  natural 
feelings,  are  contradicted  by  facts,  and 
have  no  foundation  in  experience." 

He  then  proceeds  to  take  advantage 
of  the  newly-discovered  and  welcome 
truth  in  the  following  manner: — 

"  The  minute  variations  in  the  annual 
amount  of  births,  marriages,  and  deaths, 
even  when  great  alterations  have  taken 
place  in  the  price  of  corn,  have  led  me 
to  seek  for  a  function  of  these  three 
social  elements,  which  should  exhibit 
these  variations  far  more  sensibly,  by 
correcting,  through  the  means  of  each 
other,  the  irregularities  produced  by  the 
numerous  unforeseen,  accidental,  and 
transitory  causes. 

"  Every  general  cause  of  public  pro- 
sperity multiplies,  on  the  one  hand,  the 
births  and  marriages,  and  diminishes 
the  deaths  on  the  other. 

"  If  we  suppose  a  population  so 
situated  as  to  remain  in  the  same  social 
and  physical  circumstances,  and  which 
should  at  once  be  doubled,  tripled, 
quadrupled,  &c.,  the  births,  marriages 
and  deaths,  would  be  similarly  doubled. 
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tripled,  quadrupled,  84c,;  consequently, 
the  proportion  of  the  births  and  mar- 
riages to  the  deaths  would  remain  con- 
stant, whatever  might  be  the  increase 
of  the  population. 

"  I  have  taken  the  mean  of  the  two 
following  proportions : 

liirths      Maniages 


Deaths.       Deaths. 

and  I  have  called  it  the  Function  of 
Vitality. 

"  This  Function  is,  as  has  been  seen, 
independent  of  the  total  number  of  the 
inhabitants.  This,  in  the  existing  state 
of  things,  offers  a  great  advantage ;  for 
the  fact  is,  that  up  to  the  present  day, 
the  census  of  the  whole  [French]  popula- 
tion has  at  all  times  been  imperfect,  but 
the  Registers  of  the  State  have  given, 
with  great  accuracy,  the  annual  number 
of  the  births,  marriages,  and  deaths. 

"The  very  evident  variations  which 
the  Function  of  national  Vitality  under- 
goes at  the  end  of  a  certain  number  of 
years,  are  the  mathematical  expression 
and  the  sure  demonstration  of  the  great 
changes  which  have  affected  the  welfare 
of  the  people. 

*'  In  the  following  Table  are  given 
the  Price  of  "Wheat,  and  the  Function 
under  consideration,  obtained  as  above, 

for  each  year  1817 1830.      The 

years,  &c.,  are  arranged  into  groups, 
and  the  fifth  and  sixth  columns  con- 
tain the  means  of  each  group. 

Comparative   Table  of  the  Prices  of 

Wheat,  and  the  Functions  of  Vitality, 

for  fifteen  years,  arranged  according 

to   the  Prices,  beginning    with    the 

highest. 


Price  of 
Wheat 

Function 

Mean 
Func- 

Mean 

Yiais. 

of 

Sum. 

per  Hec- 
tolitre. 

Vitality. 

tion. 

Price. 

fr.  cent. 

Ir.  cent. 

1817 
1818 

36     16 
24  -C5 

S:^^^^il-18750-5937 

30  40i 

l«3i 

22     64 

0  5989  j 

1829 
1830 

22     59 
22     32 

mil  J2-43C8  06092 

22  48 

IS'28 

22     03 

0  5829  ) 

18:20 

19     13 

0-5823  -1 

1819 

18    42 

0-5777 

18J7 

13    21 

0-6220   l„  ^„„ 

1821 

17    79 

06128  ('>  i^^i 

0-C168 

18  05 

1823 

17    52 

0-6838 

1824 

16    22 

0-6221  J 

182G 

15    85 

0-5890  ] 

1825 

15    74 

0-6080  VI -8290 

0-C097 

15  69 

1822 

15    4.) 

0-63;0  I 

"  The  first  group  embraces  a  period  of 
extreme  dearness,  the  mean  of  the  prices 
in  which  is  30  fr.  4O5C.,  and  the  mean 


value  of  the  Functions  of  Vitality  is 
0.5937. 

"  The  second,  a  period  of  high  prices  ; 
the  mean  of  the  prices  is  22  fr.  48  c., 
and  that  of  the  Functions  of  Vitality, 
0.G092. 

"  The  third,  a  period  of  intermediate, 
or  moderate  prices;  mean  price,  18  fr. 
05  c. ;  mean  of  the  Functions  of  Vitality, 
0.6168. 

"The  fourth,  a  period  of  the  lowest 
prices;  mean  price,  15  fr.  69  c.,  and  that 
of  the  Functions,  0.6097. 

"The  Function  of  Vitality  of  the 
fourth,  or  lowest-price  period  is,  as  may 
be  observed,  less  than  that  of  the  third, 
or  moderate-price  period. 

"  It  would,  therefore,  appear  to  be 
most  favourable  to  the  welfare  of  the 
nation  in  general,  that  the  price  of  corn 
should  fluctuate  among  the  intermediate 
prices  of  1  fr.  above,  and  of  2  fr.  below, 
18  fr.  per  hectolitre  of  wheat. 

"  Before  a  further  extension  of  the 
conclusions  which  may  be  drawn  from 
similar  considerations,  it  will  be  ne- 
cessary to  accumulate  observations, 
and  to  proceed  with  great  circum- 
spection, so  that  there  may  be  no 
temptation  to  hazard  consequences, 
which  futurity  and  facts  more  carefully 
collected  and  established,  may  not  con- 
firm. 

"  It  would  be  desirable  that  the  value 
of  this  Function  should  be  inserted 
every  year  in  the  Annuaire  du  Bureau 
des  Longitudes.  It  might  be  placed  in 
the  Summary  of  the  Population-Tables 
which  have  been  given — 1817  .  .  .1835. 

"  This  new  element  would  imme- 
diately attract  attention  to  the  degree  of 
welfare  or  distress  enjoyed  by  the 
population  of  France  in  each  of  the  years 
so  furnished. 

"  Statesmen,  statisticians,  and  medi- 
cal men,  each  in  his  own  peculiar 
sphere,  might  then  study  the  causes  of 
the  variations  indicated  by  this  element, 
and  by  this  means,  much  valuable 
assistance  would  be  afforded  to  such 
as  may  attempt  to  appreciate  the 
causes  which  are  favourable  or  other- 
wise to  the  amelioration  of  the  condition 
of  man. 

"  Fifty  years  ago,  the  mean  value  of 
the  Function  of  Vitality,  calculated 
upon  an  average  of  fouiteen  years, 
amounted  to  0.5403. 

"  This  same  Function,  calculated  on 
an  average  of  fifteen  years,  from  1817 
to  1831,  gives  a  mean  of  0.6103.    The 
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superiority  of  the  latter  number  is  the 
expression  of  the  immense  advance  in 
the  welfare  of  the  French  people  in  the 
course  of  the  last  half-century. 

"  It  is  greatly  to  be  wished  that  the 
same  Function  should  be  carefully  cal- 
culated for  other  countries,  in  order  that 
their  welfare  and  prosperity  might  be 
accurately  compared  by  one  and  the 
same  scale." 

Visible  Sparks  from  the  Torpedo. 

No  one  up  to  the  present  time  has  yet 
perceived  the  electric  spark  in  experi- 
ments made  on  the  torpedo.  M.  de 
Humboldt,  even  in  the  native  country 
of  the  gymnotus,  did  not  succeed  in 
observing  it.  Walsh,  unsuccessful  in 
numerous  attempts  to  obtain  it  from  the 
torpedo,  succeeded,  in  August,  1776,  in 
rendering  the  spark  visilsle,  in  ope- 
rating with  a  gymnotus.  Fahlberg,  In- 
genhousz,  and  others,  have  stated,  that 
they  have  observed,  at  times,  a  spark 
during  the  discharge  of  the  electrical 
eel  of  Surinam. 

MM.  Linari  and  Matteucci,  in  some 
experiments  upon  torpedoes,  conducted 
with  great  care,  have  arrived  at  ^the 
most  successful  results.  A  letter,  ad- 
dressed by  the  latter  philosopher  to  M. 
Arago,  contains  some  curious  details  on 
the  subject. 

The  author,  in  the  fii-st  place,  de- 
scribes the  apparatus  by  means  of  which 
M.  Linari  was  able  to  obtain  from  a 
single  torpedo  as  many  as  ten  sparks  in 
succession,  every  one  very  visible  and 
brilliant.  As  far  as  M.  Linari  could 
ascertain,  neither  the  size,  the  age,  nor 
the  sex  of  the  animal  made  the  slightest 
difference  in  the  production  of  the 
spark.  A  small  torpedo,  of  four  inches 
and  a  half  in  diameter,  furnished  him 
with  a  long  train  of  very  brilliant  sparks. 
They  were  also  obtained  from  a  torpedo 
which  had  been  kept  three  days  out  of 
the  sea,  but  then  the  brine  of  his  tub 
was  obliged  to  be  perpetually  renewed. 
The  decomposition  of  acidulated  water, 
and  the  permanent  magnetizing  of  steel 
needles,  were  constantly  obtained  by 
M.  Linari. 

M.  Matteucci,  after  describing  his  own 
apparatus,  which  differs  but  little  from 
that  of  M.  Linari,  states  that  he,  in  the 
first  place,  verified  the  results  of  the 
latter  experimenter,  and  then  succeeded 
in  obtaining,  with  the  current  of  the 
torpedo,  all  the  phenomena  of  the  ordi- 
nary electric  current. 


"I came  finally," saysM. Matteucci "jto 
the  most  conclusive  experiments  that  I 
could  have  desired  for  the  developement 
of  the  electric  current  in  the  torpedo. 
These  experiments  are  always  extremely 
difficult,  from  the  feeble  vitality  of  the 
animal  when  often  irritated,  and  from 
the  extreme  care  necessary  to  preserve 
it  alive  when  out  of  the  sea. 

"  By  means  of  a  very  sensible  galva- 
nometer, I  found  that  the  current  in  the 
torpedo  is  constantly  in  the  direction 
from  the  back  to  the  abdomen.     The 
former  may  be  considered  as  the  posi- 
tive, and  the  abdomen  as  the  negative 
pole  of  its  apparatus.     The  discharge 
acts  in  the  same  direction   in  the  two 
organs  which  are  on  the  sides  of  the 
torpedo,    the   current   is   also  obtained 
precisely  the   same,  when  one   of  the 
poles  of  the  galvanometer  touches  the 
lower  part  of  the  right  organ,  and  the 
other  the  back  of  that  on  the  left,  or 
inversely.  The  deviation  of  the  galvano- 
meter is  increased,  if  instead  of  directly 
touching  the  skin  of  the  torpedo  with 
the  platina  poles,  they  are  brought  in 
contact  with  slips  of  metal,  previously 
placed  on  the  two  surfaces  of  the  fish ; 
but  a  continuous  current  is  never  pro- 
duced, however  much  the  organ  may 
be  compressed.     The  discharge  is  ge- 
nerally produced  with  certainty,  if  the 
animal  is  bent  so  as  to  render  the  abdo 
men  slightly  concave.    If  the  skin  with 
which  an  organ  is  covered  be  removed, 
the  deviation   diminishes  in   intensity, 
but  always  occurs  again  when  the  ani- 
mal  discharges.      When   it    ceases   to 
discharge,    not    the   least   trace   of  the 
electric  current  can  be  detected  in  any 
part   of  the   organ.     The    deviation    is 
also  altogether  suspended,  when  the  two 
extremities  of  the  galvanometer  touch 
the  back,  or  the  abdomen,  of  the  fish 
at  the  same  instant.     If  of  the  three 
nervous    bodies    which   run   from    the 
brain  and  penetrate  an  organ,  two  are 
cut  away,  the  discharge  still  continues, 
but   it   immediately  ceases  on  cutting 
away  the  middle  one.    The  other  organ, 
if  left  entire  during   these   operations, 
continues  to  act  without  interruption." 

Fluorine. 

It  is  not  commonly  known  in  this 
country*  that  this  simple  substance  has 
been  obtained  in  its  separate  stale.  M. 
Baudrim'ont,  in  a  dictionary  of  general 

*  See  Vol.  I.,  p.  294. 
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physics,  published  in  December,  1 834, 
indicated  its  general  properties  in  these 
terms :  "  Fluorine  is  a  gaseous  body  of 
a  deep  brownish-yellow;  its  odour  is 
similar  to  that  of  Chlorine,  or  to  that  of 
burnt  sugar ;  it  does  not  act  on  glass ; 
it  deprives  indigo  of  its  colour,  and 
combines  directly  with  gold."  M.  Bau- 
driuiont  has  recently  obtained  it  by 
treating  a  mixture  of  fluoride  of  calcium 
and  peroxide  of  manganese,  with  sul- 
phuric acid  in  a  glass  bottle ;  the  excess 
of  one  of  the  substances  employed 
would  produce  either  oxygen  or  hydro- 
rtuoric  acid,  and  this  last  by  its  action 
on  the  glass  would  be  changed  into 
silicated-tluoric  gas.  His  first  method 
of  extracting  the  fluorine,  consisted  in 
decomposing  fluoboric  gas  by  means 
of  the  deutoxide  of  lead  heated  to  red- 
ness, and  he  obtained  fluorine  but 
less  pure  than  subsequently. 

M.  Pelouze  has  lately  announced 
another  mode;  he  decomposed  fluoret  of 
silver  in  water  by  means  of  chlorine, — the 
result,  according  to  M.  Baudrimont, 
ought  to  be  a  compound  of  hypochloric 
and  hydrofluoric  acids. 

A  great  difference  is  deserving  of 
remark  between  the  fluorine  obtained 
by  these  processes  and  that  which 
might  have  been  expected  to  be  the 
base  of  fluoric  or  hydrofluoric  acids,  so 
well  known  for  its  energetic  action  on 
glass,  and  which  appears  to  be  more  de- 
leterious than  other  hydro-acids. 

We  may  hope,  therefore,  soon  to  be 
better  acquainted  with  fluorine  than 
with  fluoric-acid  itself,  which  can  neither 
be  prepared  nor  preserved  in  glass 
vessels. 

Railroad  Acts  to  end  of  recent 
Session. 

The  following  Railroad  Acts  have  re- 
ceived the  royal  assent  since  our  notice, 
p.  78  ;  they  complete  the  list  for  the 
recent  Session  of  Parliament. 

28th  July.     30.  London  and  Black- 
wall  Commercial  Railway. 

31.  Tremoutha     Har- 
bour and  Railway. 
Aug.   13.      32.  Edinburgh,  Leith, 
and  Newhaven  Railway. 
„  33.  Dublin   and  Dro- 

gheda  Railway. 
Parliament  was  prorogued  on  the  20th 
of  Ausj;ust. 


United  States  New  Patents'  Act. 

The  Bill*  for  the  establishment  of  a 
Patent  Office  in  the  United  States,  and 
for  placing  this  branch  of  the  adminis- 
tration under  the  control  of  the  legis- 
lature, on  a  simple  and  rational  system, 
intelligible  to  all,  has  passed  into  a  law. 
It  received  the  fiat  of  the  President 
("Approved,  Andrew  Jackson,")  on 
the  4th  of  July  last, — the  Sixtieth 
Anniversary  of  American  Indepen- 
dence. The  act  is  called  an  Act  to 
promote  Useful  Arts,  and  we  look  with 
envy  on  the  title.  ISothing  could  be 
more  in  perfect  harmony  with  the  me- 
morable day  on  which  it  obtained  the 
American  "  Royal  Assent,"  and  though 
we  admit  that  the  passing  of  such  an  Act 
richly  deserved  an  anniversary  of  its 
own,  yet,  taking  it  as  it  occurred,  what 
could  possibly  be  more  peculiarly  im- 
pressive than  the  contemplation  of  the 
chief  magistrate  of  a  great  nation,  on 
the  anniversary  of  that  nation's  inde- 
pendence, giving  validity  to  an  Act  to 
promote  the  useful  arts.  A  moi-e  appro- 
priate subject  for  an  historical  picture 
in  the  Washington  Capitol  can  scarcely 
be  imagined. 

From  such  a  scene,  if  Ve  turn  our  eyes 
homeward,  what  humiliation  awaits  our 
national  pride ;  here  we  see  high  offi- 
cial personages  clutching  exorbitant 
fees,  and  baffling  every  attempt  made 
by  our  most  enhghtened  and  inteUigent 
countrymen  "  to  promote  the  useful 
arts."  Here  we  see  delay,  and  manoeuvre, 
and  deception,  successfully  deferring, 
year  after  year,  a  measure  deeply  in- 
teresting to  our  native  talent,  and  uni- 
versally important  to  the  national  ma- 
nufactures. Is  it  possible  to  contemplate 
unruffled  this  contrast  between  "the 
Old  and  the  New  Country?"  In  this, 
a  fee  of  a  few  dollars  on  each  patent,  with- 
out a  farthing  from  the  government, 
maintains  an  office,  in  which  qualified 
persons  are  in  attendance  to  advise  in 
cases  of  doubt,  and  to  examine,  and  regis- 
ter, and  exhibit  all  specifications,  in 
which  are  provided  scientific  books, perio 
dical  publications,  models,  and  collections 
of  machines,  products,  &c.,  all  selected 
and  preserved  for  the  purpose  of  spread- 
ing accurate  information  on  subjects 
connected  with  patents,  patentees,  and 
patent-rights.  In  our  country,  nearly 
£30,000,  perhaps  more,  has  been  paid 

•  An  Abstract  of  this  Bill  is  given  at 
p.  76  of  the  present  volume. 
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■within  the  current  year  to  high  public 
functionaries,  who  do  nothing  in  the 
matter,  out  of  the  pockets  of  inventors 
seeking  security  for  their  own  discover- 
es ; — what  have  they  received  in  return  ? 
— about  300  lumps  of  green  wax  !  not  a 
"  drachma"  more ;  not  a  particle  of  in- 
formation has  been  granted — not  the 
slightest  guarantee  of  the  validity  of 
the  patent  has  been  vouchsafed,  and 
so  little  real  knowledge  has  been  pur- 
chased by  this  enormous  outlay,  that 
the  instruments  to  which  these  lumps 
are  appended,  have  been  correctly  de- 
fined by  one  intimately  conversant 
with  them,  to  be  generally  "  traps 
for  the  unwary,  sources  of  heart-break- 
ing annoyance,  and,  in  many  cases, 
causes  of  utter  ruin." 

The  original  bill  of  the  United 
States  is  so  little  altered  by  the 
Act,  and  the  abstract  we  gave  of  the 
former  at  p.  76,  is  so  copious  and  cor- 
rect, that  we  consider  it  unnecessary  to 
reprint  the  new  document.  There  are 
some  additions,  of  which  the  following 
are  the  principal. 

Commissioner  has  the  privilege  of  frank- 
ing all  letters  and  packages  by  mail,  rela- 
ting to  the  business  of  the  Patent-Office. 

On  a  renewed  application  for  a  patent 
being  refused,  applicant  may  have  exa- 
miners of  his  claim  appointed. 

Inventor  not  to  lose  his  right  to  a  patent, 
"  by  reason  of  his  having  previously  taken 
out  letters-patent  therefor  in  a  foreign 
comatry,  and  the  same  having  been  pub- 
lished at  any  time  within  six  months,  next 
precedhig  the  filing  of  his  specification." 

Patent,  on  request,  may  date  from  filing 
of  specification,  if  the  same  do  not  exceed 
six  months  from  issuing  of  patent. 

Specification,  on  request,  may  be  pre- 
served secret  ui  the  Patent-Office  for  a  year, 
or  until  the  necessary  models  be  furnished ; 
during  which  time  applicant  to  be  entitled 
to  notice  of  interfering  applications. 

Caveat  must  set  forth  the  design  and 
characteristics  of  invention, — may  be  pre- 
served secret  in  Patent-Office.  Person 
filing  caveat  to  file  his  specification,  &c., 
within  three  months  after  receivmg  notice 
of  interfering  application. 

Defendant  in  an  action  relying  on  previous 
invention,  knowledge,  or  use  of  the  thing 
patented,  must  give  special  notice  of  the 
name  and  residence  of  party  possessing 
such  prior  knowledge. 

Patentee  believing  himself  inventor  at 
time  of  application,  not  to  lose  patent  on 
account  of  invention  having  been  known  or 
used  hi  a  foreign  country,  it  not  appearing 
that  it  had  been  patented  or  described  m 
any  printed  publication. 


Patent  term  may  be  extended  seven  yean 
beyond  the  first  term  of  fourteen,  on  appli- 
cation to  commissioner,  setting  forth  rea- 
sons, giving  public  notice  of  same,  furnishing 
the  Board  appointed  to  judge  with  descrip- 
tion of  invention,  profit  and  loss,  &c.,  and 
obtaining  a  favourable  decision  of  the  said 
Board.  Commissioner  is  then  to  extend 
the  patent  by  a  certificate  of  said  decision. 
No  grant  of  extension  can  be  made  if  the 
first  term  be  already  expired. 

Applications  pending  at  time  of  passing 
Act,  and  on  which  duty  is  paid,  to  be  pro- 
ceeded with  as  though  filed  after  tlie  passing 
thereof. 

We   have   extracted  the   Fees,    and 
tabulated  them  for  convenient  reference, 
and  also  to  exhibit  more  conspicuously 
the  vexatious  pre-eminence  as   to  ex- 
pense, which  a   "  subject  of  the  king 
of  Great  Britain"  must  hold,  so  long  as 
his  own  government  will  not  follow  the 
example  of  other  nations,  and  relieve 
or  remove  the  oppressive  burden. 
Duties  to  be  paid  on  Applications,  ^c.,  for 
Patents,    and    other    Business    relating 
thereto,  under  an  Act  of  the  United  States, 
passed  the  4th  of  July,  183G,  entitled  "An 
Act  to  promote  useful  Arts,"  ^c. 

Dais.     £   s.  d. 

1.  Caveat,  to  be  returned  if  Patent 

be  subsequcutly  taken    ....     20...     4  10     0 

2.  Application  for  Patent, — 

(«)  IfbyaCitizen.oran Alieu- 

resiileiit  of  a  year,  having 

made  oath  of  intention  to 

become  Citizen    40...     9    0    0 

(6}  If  by    a    Subject    of    the 

king  of  Great  Biitain   500. ..  112  10  0  ! 

(o)  By  all  other  Persons 300. . .  6? '  10     0 

3.  Uequest   for    Examination    of 

Application  25. . .     5  12    6 

4.  Addition    of   new     Improve- 

ment to  an  original  Specifi- 
cation      15...     3    7    6 

5.  Extension  of  Patent 40...     9     0     0 

6.  Kegister  of  Transfer  of  Patent 

Right 3...     0  13    6 

7.  Surrender  of  an  invalid  Patent 

for  Uenewal 15...     3    7     6 

8.  Attested  Copy  of  Specification, 

per  100  Words IQ  Cents  . .     0    0  54 

9.  (Copies  of  Drawings,  "  reasona- 

ble expense  of  making  them." 
An  Examiner  not  to  1)e  paid, 
in  Hiiv  one  case,  more  than 
10  Dollars  (A'2.  5s.)  for  his 
services. 

We  must  not  be  understood  as  giving 
our  unqualified  approbation  to  the  whole 
of  this  New  Patents  Act  of  the  United 
States,  nor  expressing  an  opinion  that  it 
is  perfect ;  but  in  our  extreme  destitution 
it  would  be  absurd  to  be  fastidious,  and 
we  cordially  congratulate  our  Trans- 
Atlantic  brethren  on;  their  valuable  ac- 
quisition, hoping,  though  against  con- 
viction, that  a  few  years  may  wipe  out 
one  article,  at  least  (viz.,  2  6),  from  their 
Tariff. 


w 
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Patent-Law  Grievance.    No.  VII. 

The  penalties  inflicted  on  the  inventive 
genius  of  Britain  during  the  present 
year,  up  to  the  25th  ult.,  in  the  shape  of 
government  stamps  and  fees  on  patents, 
amount  to  more  than  £33,000 ! 

N.B.    This   sum   has   heen    paid   in 


ready  money,  on  taking  the  first  steps, 
and  as  many  of  the  inventors  are  poor 
men,  (operatives,)  and  a  great  many 
others  of  them  persons  to  whom  it  would 
be  very  inconvenient  to  pay  at  least 
£100  down,  they  have  been  obliged  to  go 
into  debt,  or  mortgage  or  dispose  of  their 
inventions,  either  wholly  or  in  part,  &o. 


NEW    PATENTS.     1836. 


N.  \\. — The  first  Date  annexed  to  each  Patent,  is  that  on  which  it  was  sealed  and  granted;  the  second 

that  on  or  before  whicli  the  Spi'oilication  must  be  delivered  and  enrolled. The  abl)reviation  Far. 

Cumin.,  signifies  that  the  invention,  &c.,  is  "  a  communication  from  a  foreigner  residing  abroad." 


Total,  August...  19. 

September. 

204.  Robert  Griffiths,  Birmingham, 
Warw.,  Machine-maker,  and  John  Gold, 
of  the  same  place,  Glass-cutter ;  for  im- 
provements in  machinery  for  grinding, 
smoothing,  and  polishing  plate-glass,  win- 
dow-glass, marble,  slate,  and  stone;  and 
also  glass  vessels,  and  glass  spangles,  and 
drops.     Sept.  1. — March  1. 

205.  John  Pickersgill,  Coleman-st., 
Lond.,  Merchant;  for  improvements  in 
preparing  and  in  applying  India-rubber 
(caoutchouc)  to  fabrics.  Sept.  1. — March  1. 
For.  Comm. 

206.  James  Surrey,  York-house,  Bat- 
tersea,  Surry,  Miller ;  for  a  new  applica- 
tion of  a  principle  by  which  mechanical 
power  may  be  obtained  or  applied.  Sept. 
1. — Jan.  1. 

207.  William  Bush,  Wormwood-st., 
Lond.,  Surveyor  and  Engineer;  for  im- 
provements in  the  means  of,  and  in  the 
apparatus  for,  building  and  working  under 
water,  part  of  which  improvements  are 
applicable  for  other  purposes.  Sept.  3. — 
March  3. 

208.  Charles  Farina,  Clarendon-pl., 
Maida  Vale,  Middx.,  Gent. ;  for  an  im- 
proved mashing  apparatus.  Sept.  15. — 
March  15. 

209.  William  Hinckes  Cox,  Bedmin- 
ster,  Bristol,  Tanner ;  for  improvements 
in  tanning  hides  and  skins,  Sept.  15. — 
March  15. 

210.  John  Frederick  William  Hem- 
pel,  of  Oranienburg,  Prussia,  Clapham, 
Surry,  Officer  of  Engineers,  and  Henry 
Blundell,  Hull,  York.,  Paint  and  Colour 
Manufacturer;  for  an  improved  method 
of  operating  upon  certain  vegetable  and 
animal  substances  in  the  process  of  manu- 
facturing candles  therefrom.  Sept.  15— 
March  15.     For,  Comm. 


211.  Joshua  Bates,  Bishopsgate-st. , 
Lond.,  Merchant;  for  improved  apparatus 
or  machinery  for  making  metal  hinges. 
Sept.  15. — March  15.    For.  Comm. 

212.  Peter  Ascanius  Tealdi,  late  of 
Mondovi,  Piedmont,  Manchester,  Lane., 
Merchant;  for  a  new  extract  or  vege- 
table acid  obtained  from  substances  not 
hitherto  used  for  that  purpose,  which  may 
be  employed  in  various  processes  of  manu- 
facture, and  in  culinary  or  other  useful 
purposes,  together  with  the  process  of 
obtaining  the  same.  Sept.  15. — March  15. 
For.  Comm. 

213.  William  Bates,  Leicester,  Fuller 
and  Dresser ;  for  improvements  in  the 
manufacture  of  reels  for  reeling  cotton. 
Sept.  16.— March  16. 

214.  Moses  Poole,  Lincoln's-inn,  Middx., 
Gent. ;  for  improvements  in  the  de- 
scription of  public  vehicles,  called  cabs. 
Sept.  21. — March  21.     For.  Comm. 

215.  Robert  Jupe,  Bond-st.,  Middx., 
Cabinet-maker ;  for  improvements  in  appa- 
ratus applicable  to  book  and  other  shelves, 
Sept.  22.— March  22. 

216.  William  Crofts,  Radford,  Nott., 
Machine-maker  ;  for  certain  improvements 
in  machinery  for  making  bobbin-net  lace, 
also  called  twist-net  or  lace,  part  of  which 
improvements  are  for  the  purpose  of 
making  figured  or  ornamental  bobbin-net- 
lace,  or  ornamental  twist-lace.  Sept.  22. 
—March  22. 

217.  Henry  Van  Wart,  Birmingham, 
Warw.,  Gent.,  and  Samuel  Aspinall 
GoDDARD,  of  the  same  place.  Merchant ; 
for  certain  improvements  in  locomotive 
steam-engines  and  carriages,  parts  of  which 
improvements  are  applicable  to  ordinary 
steam-engines  and  to  other  purposes.  Sept. 
22.— March  22. 

218.  John  Smith,  Halifax,  York., Dyer; 
for  certain  improvements  in  machinery 
for  dressing  worsted  and  other  woven 
fabrics.     Sept.  22.— March  22. 
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BRITISH   ASSOCIATION. 
BRISTOL  SESSION. 


As  we  by  no  means  consider  the  appointments  of  officers  to  the  British  Associa- 
tion as  merely  honorary,  or  complimentary,  we  have  thought  it  a  duty  to  obtain  a 
more  correct  list  of  them  than  it  was  possible  to  do  before  the  publication  of  our 
last  Number.  We  now  insert  it.  The  visiters  of  the  several  Sections  may  there- 
fore see  to  whom  the  management  of  each  was  confided.  If  we  could  have  ex- 
tended the  salutary  regulation  recently  adopted  in  Parliamentary  Committees,  and 
thus  have  been  enabled  to  report  the  actual  attendance  of  each  officer,  and  each 
committee-man,  we  would  have  cheerfully  done  so.  We  have  been  told  that  many 
members  were  never  seen  at  the  Committees  to  which  they  were  appointed.  To 
pi'event  those  members  from  being  either  commended  or  blamed,  who  were  not  at 
Bristol  at  all,  we  have  printed  their  names  in  italics. 


OFFICERS  AND  MEMBERS  OF  COMMITTEES. 
Section  A. — MathIematics  and  Physics. 


President. 
Whewell,  Rev.  W.,  Camb. 

Vice-Presidents. 
Brewster,  Sir  D.,  Edinburgh 
Hamilton,  SirW.  R.,  Dublin 

Secretaries. 
Forbes,  Prof.,  Edinburgh 
Gerrard,  F.  W.  Esq.,  Bristol 
Harris,  W.  S.  Esq., Plymouth 


Committee. 
Babbage,  Prof.,  Cambi-idge 
Bailey,  F.  Esq.,  London 
Challis,  Prof.,  Cambridge 
Chatfield,  H.  Esq.    Devonp. 
Fox,  R.  W.  Esq.,  Falmouth 
Frend,  W.  Esq.,  London 
Gerrard,  G.  Esq.,  Bristol 
Lloyd,  Rev.  Dr.,  Dublin 
Lloyd,  Prof.,  Dublin 


Lubbock,  J.  W.  Esq.,  Lond. 
McCuUagli,  Prof.,  Dublin 
Moll,  Prof.,  Utrecht 
Peacock,  Rev.  G.,  Carab. 
Rigaud,  Prof.,  Oxford 
Ritchie,  Prof.,  London 
Robisou,  .T.  Esq.,  Edinb. 
Stevelly,  Prof.,  Belfast 
Talbot^  H.  F.  Esq.,  Wilts. 
Wheatstone,  Prof.,  London 


Section  B. — Chemistry  and  Mineralogy. 

President. 
Gumming,  Prof.,  Cambridge 

Vice-Presidents. 
Dalton,  Dr.,  Manchester 
Henry,  Dr.,  Manchester 


Secretaries. 
Apjolin,  Dr.,  Dublin 
Henry,  Dr.  C,  Manchester 
Herapatli,  W.  Esq.,  Bristol 


Committee. 
Barker,  Prof.,  Dublin 
Coathupe,  C.  T.  Esq.,  Bristol 
Daubeny,  Prof.,  Oxford 
Harcourt,  Rev.  W.  H.,  York 
Hare,  Prof.,  Philadelphia 
Johnson,  Prof.,  Durham 
Lowe,  G.,  Esq.,  London 
Miller,  Prof.,  Cambridge 
Phillips,  R.  Esq.,  London 


Roget,  Dr.,  London 
Tliompson,  Prof.,  Glasgow 
Tliompson,  T.  Jun.,  Esq.,  do. 
Thomson,  Dr.  R.  D.,  Lond. 
Turner,  Prof.,  London 
Watson,  H.  H.  Esq.,  Bolton 
West,  W.,  Bristol 
Whewell,  Rev.  W.,  Camb. 
Yelloly,  Dr.,  Norwich 
Yorke,  Col.,  Loudon 


Section  C. — Geology  and  Geography. 


President. 
Buckland,  Prof.,  Oxford 

Vice-Presidents. 
Greenough,  G.  B.  Esq.,  Lond 
Griffith,  R.  Esq.,  Dublin 
Murchison,  R.  J.  Esq.,  Lon- 
don (for  Geography) 

Secretaries. 
Sanders,  W.  Esq.,  Bristol 
Stutchbury,  S.  Esq.,  Bristol 
Torrie,  T.  J.  Esq.,  Edin. 
Rankin,  F.  H.   Esq.,  Clif- 
ton (for  Geography) 


Committee. 
Beche,  H.  S.  De  la,  London 
Breda,  Prof.  Von,  Leyden 
Came,  J.  Esq.,  Penzance 
Charlesworth,  E.  Esq.,  Lond. 
Clerke,  Major,  Knightsbridge 
Cole,  Lord,  London 
Conybeare,  Rev.  W.  D.,  Bris- 
tol 
Hopkins,  Rev.  W.,  Camb. 
Hutton,  R.  Esq.,  Bristol 
Ibbetsou,    B.    Esq.,   Isle   of 
Wight  [stcr 

Lewes,  Rev.  T.  T.,  Leomin- 


M'Adam,  J.  Esq.,  Belfast 
Mackenzie,  Sir  G, 
Melen,  M.    Van  der 
Northampton,    Lord,   Castle 
Ashby,   Northamptonshire 
Parigot,  Prof.,  Brussels 
Phillips,  Prof.,  Loudon 
Sedgwick,  Prof.,  Cambridge 
Smith,  W.  Esq.,  London 
Taylor,  J.  Esq.,  London 
West,  D.  W.,  Dublin 
Worsley,  S.  Esq.,  Bristol 
Yates,  Rev.  J.,  London 
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Section  D. — Zoology  and  Botany. 


President. 
Henslow,  Prof.,  Cambridge 

Vice-Presidents. 
Hope,  Rev.  F.  W.,  London 
Richardson,  Dr.  J.,  Chatham 
Boyle,  Prof.,  London 

Secretaries. 
Curtis,  J.  Esq.,  London 
Don,.  Prof.,  London 
Riley,  Dr.,  Bristol 
Rootsey,  S.  Esq.,  Bristol 


President. 
Roget,  Dr.,  London 

Vice-Presidents. 
Wright,  Dr.,  London 
Macartney,  Dr.,  Dublin 

Secretaries. 
Fripp,  G.  D.  Esq.,  Bristol 
Syinonds,  Dr.,  Bristol 

Committee. 
Bernard,  Dr.,  Clifton 
Bernard,  Dr.  J.,  Bristol 


President. 
Lemon,  Sir  C,  PenrjTi 

.  Vice-Presidents. 

Hallam,  H.  Esq.,  Loudon 
Jerrard,  Dr.,  Bristol 

Secretaries. 

Bromby,  Rev.  J.  E.,  Camb. 
Fripp,  C.  B.  Esq.,  Bristol 
Heywood,  J.  Esq.,  Mancli. 


Committee. 
Babington,  C.  C.  Esq., Camb. 
Ball,  R.  Esq.,  Dublin 
Bowman,  J.  E.  Esq.,  Gres- 

ford,  near  Wareham 
EUacombe,  Rev.  H.  T.,  Bit- 
ton 
Eyton,  T.  C.  Esq.,  Salop 
Forster,  E.  Esq.,  London 
Harris,  Hon.  C. 
Hewitson,  W.  C,  Newcastle 
Jacob,  Dr.,  Maryborough 

Section  E. — Medicine. 

Broughton,  S.  D.  Esq.,  Lond. 
Carmichael,  R.  Esq.,  Dublin 
Carson,  Dr.,  Liverpool 
Clarke,  B.  Esq.,  London 
Cock,  E.  Esq.,  London 
Cusack,  J.  W.  Esq.,  Dublin 
Daniel,  H.  Esq.,  Bristol 
Estlin,  J.  B.  Esq.,  Bristol 
Evanson,  Prof.,  Dublin 
Hetling,  W.,  Bristol 
Hodgkin,  Dr.,  London 
Houston,  Dr.,  Dublin 

Section  F. — Statistics. 

Committee. 
Babbage,  Prof.  Cambridge 
Bowles,  Rev.  W.  L.,  Bremhill 
Bowring,  Dr.,  London 
Clerk,  Major,  Knightsbridge 
Cowell,  J.  W.,  Gloucester 
Dupin,    Le    Baron  Charles, 

Paris 
King,  Lord 

Moore,  T.,  Esq.,  Devizes 
Mmiier,  Prof.,  Geneva 
Nugent,  Lord,  London 


Jeffreys,  J.  G.,  Swansea 
Jennyns,  Rev.  L.,  S  waff  ham 
Knapp,  I.  L.,  Bristol 
Mackay,  J.  T.  Esq.,  Dublin 
Nilsson,  Prof.,  Lund,  Sweden 
Phelps,    Rev.    W.    Phelps, 
Meare,  near  Glastonbury 
Scouler,  Prof.,  Dublin 
Sykes,  Col.,  London 
Taylor,  R.  Esq.,  London 
Vigors,  N.  A.  Esq.,  London 
Yarrell,  W.  Esq.,  London 


Howell,  Dr.,  Bristol 
Johnson,  Dr.  J. 
Keate,  R.  Esq. 
King,  O.  Esq. 
O'Beirne,  Dr.  Dublin 
Richard,  Dr.,  Bristol 
Rees,  G.  O.  Esq.,  London 
Riley,  Dr.,  Bristol 
Smith,  R.  Esq.,  Bristol 
Sweyne,  J.  C.  Esq.,  Bristol 
Vye,  N.  Esq.  Ilfracombe 
Yelloly,  Dr.,  Norfolk 


Porter,  —  Esq. 
Raumer,  Prof.  Von,  Berlin 
Rice,  Rt.  Hon.  T.  S.,  Loud. 
Rowe,  C.  Esq.,  London 
Sandon,  Lord,  London 
Simpson,  J.  Esq.,  Edinburgh 
Stanley,   Rev.  E.,  Alderley, 

Cheshire 
Sykes,  Colonel,  London 
Taylor,  Dr.,  London 
Woollcombe  H.  Esq.,  Plym. 
Wyse,  T.  Esq.,  Waterford 


Section  G. — Mechanical  Science. 


President. 
Gilbert  Davies,  Esq.,  East- 
bourne. 

Vice-Presidents. 
Brunei,  M.  J.  Esq. 
Robison,  J.  Esq.,  Edinburgh 

Secretaries. 
Bunt,  T.  G.  Esq.,  Bristol 
Clark,  G.  T.  Esq.,  Bristol. 
West,  W.  Esq.,  Bristol 


Committee. 

Chapman,  Capt.,  Clifton 

Clare,  P.  Esq.,  Manchester 

Cubitt,  W.  Esq., 

Enys,  J.  S.  Esq.,Enys,  Corn- 
wall 

Hawkes,  W.  Esq.,  Birming- 
ham 

Hawkins,  J.I .  Esq.,  London 


Hodgkinson,  E.  Esq.,  Salford 
Lardner,  Dr.,  London 
Moseley,  Prof.,  London 
Newman,  W.  Esq.,  York 
Play,  M.  le,  Paris 
Rennie,  Sir  J. 
Rennie,  G.  Esq. 
Russell,  F.  S.  Esq.,  Edin. 
Taylor,  J.  Esq.,  London 
Taylor,  Rev.  W.,  York 


ERRATA. 

Pajje  14S,  line  25,  fir  less,  read  greater. 

—    26,  fir  greater,  rend  loss. 

—    ■29.  fjr  236,  read  210. 


H 
H 

Clouds  and  wind ;  evening  fine. 

Fair;  Cumuli;  very  fine  day. 

Ditto  Cirrus,  cirro-cumuli,  in  groups. 

Light  rain ;  clear  at  night. 

Rainy;  evening  cloudy. 

Cloudy  till  4  P.M. ;  evening  clear. 

Cloudy. 

Mostly  clear;  lightning  at  night. 

Cloudy  till  noon ;  fine 

Fine  and  warm. 

Fair. 

Morning  cloudy;  evening  fine. 

Fine;  evening,  lightning. 

Thunder-storm  at  8  A.M.,  with  rain  till  noon;  fine 

Hazy  and  cloudy.                      [afternoon  and  night. 

Cloudy  A.M. ;  afternoon  fine. 

Alternately  clear  and  cloudy. 

Squally  with  showers. 

Fine. 

Rain;  cirro-stratus  and  scud. 

Fine. 

Overcast. 

Rain  at  midnight ;  afternoon  and  evening  continued 

Rain  till  noon;  afternoon  fine.                          [rain. 

Fine;  p.m.  overcast;  cirro-cumuli. 

Rain  till  2  p.m.;  afternoon  fine,  with  cumulus. 

Scud;  much  wind;  very  black  night. 

Rain  with  fog  till  noon ;  fine  evening  and  night. 

Very  fine  day;  evening  overcast. 

Mostly  cloudy. 

Very  fine ;  cloudless. 
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DISCOURSE    ON  SOME   ADVANCES  WHICH    THE    MATHE- 
MATICAL SCIENCES  HAVE  MADE  IN  FRANCE 

SINCE  THE  YEAR  1830; 

DELIVERED  BEFORE  THE  ACADEMIE    ROYALE    DES    SCIENCES,    PARIS,    AT    THE 
ANNUAL  PUBLIC  MEETING  ON  THE  28TH  DECEMBER,  1835. 

By  the  Baron  Charles  Dupin,  President  of  the  Academy. 

I  BEQUEST  permission  to  point  out  a  few  of  the  mathematical  conquests 
accomplished  since  1830.  It  will  be  seen  that,  in  this  period,  though 
so  short  and  so  deeply  agitated,  the  sciences,  prosecuting  their  march 
with  tranquil  courage,  have  not  disregarded  the  reputation  of  France. 

At  the  very  moment  from  which  I  propose  to  commence,  the 
Academy  lost  one  of  its  most  illustrious  members,  M.  Fourier  was  of 
that  class  of  minds  which,  profoundly  meditative,  and  more  anxious  to 
multiply  their  discoveries  than  to  accumulate  fame,  preserved  a  long 
silence  over  works,  any  one  of  which  was  amply  sufl&cient  to  have  ac- 
quired renown  for  its  author.  Such  is  La  Resolution  generale  des 
Equations  numeriques,  the  -foundations  of  which  he  laid  at  the  age  of 
eighteen,  and  had  developed  in  some  lectures,  delivered  before  he  set  out 
with  the  Egyptian  expedition.  This  work  was  found  in  manuscript 
among  his  papers  after  his  death.  In  his  modes  of  solution  are  com- 
bined the  advantages  of  rigorous  exactness,  and  a  ready  and  easy  ap- 
plication,— a  twofold  merit  that  Lagrange  himself  did  not  attain  in  his 
excellent  work  on  the  same  subject.  M.  Fourier  sometimes  transforms 
and  improves  methods  distinguished  by  the  names  of  the  great  Newton, 
of  Lagrange,  and  of  Daniel  Bernouilli ;  at  others,  he  becomes  himself  an 
inventor ;  as  in  his  Theory  of  Inequalities,  a  theory  entirely  original, 
and  of  which  he  exhibits  the  fertility.  The  work  in  which  he  has  dis- 
played such  inventive  genius  has  been  published  since  his  death,  com- 
plete and  correct,  as  all  posthumous  writings  ought  to  be.  M.  Navier*, 
the  friend,  the  pupil,  and  the  worthy  colleague  of  M.  Fourier,  has 
executed  this  task  with  a  talent,  a  devotedness,  an  almost  filial  respect, 
honourable  alike  to  the  great  geometrician  and  to  himself. 

The  writings  we  have  noticed  possess,  most  decidedly,  the  charac- 
teristics of  M.  Fourier.  Each  theoretical  discovery  is  illustrated  by  im- 
portant applications,  and  each  of  these,  impracticable  before,  is  accom- 
plished by  methods  of  general  analysis,  invented  by  him  expressly  for 
the  purpose.  It  is  this  double  success  which  is  so  admirable  in  his 
Theorie  Mathematique  de  la  Chaleur,  and  in  the  methods  of  integration 
"which  characterize  and  enrich  it. 

In  the  person  of  M.  Legendre,  the  exact  sciences  suffered  another 
irreparable  loss.  At  the  age  of  seventy-eight,  he  carried  still  nearer  to 
perfection,  and  reprinted,  his  Theory  of  Numbers;  at  eighty,  he  completed 
and  published  the  third  and  last  supplement  to  his  Fonctions  Elliptiques  ; 
a  work  in  which  immense  calculation,  and  novel  and  profound  research 

*  Recently  deceased. 
Vol.  II.  S  10 
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demonstrate  the  degree  in  which  this  veteran,  illustrious  hy  genius,  and 
venerable  by  character,  had  retained  his  intellectual  vigour.  Rewarded 
hy  Napoleon  for  having,  with  Lagrange  and  Laplace,  maintained,  during 
the  great  reign,  the  mathematical  supremacy  of  France  ;  degraded,  ten 
years  later,  for  having  refused  to  prostitute  his  academic  suffrage,  inso- 
lently demanded,  as  if  it  were  a  tribute,  by  monarchical  power,  and  for 
having  rung  in  the  ears  of  his  countrymen,  the  indignant  cry  of  his  in- 
sulted honour,  M.  Legendre  bore  his  glorious  adversity  without  a  mur- 
mur; he  consoled  himself,  amidst  his  fallen  fortunes,  by  rendering  new 
services  to  science,  and,  at  last,  having  done  all  in  human  power  to 
deserve  unspotted  glory,  he  interdicted,  on  his  death-bed,  the  academic 
eulogy ;  but  he  cannot  prevent  our  planting  the  remembrance  of  his 
career,  and  the  example  of  his  virtues,  as  a  fruitful  germ  in  the  hearts 
of  the  neophytes  of  science. 

Faithful  to  the  system  which  admitted  Huygens  and  Cassini,  with- 
out regard  to  country,  to  her  bosom,  the  Academy  invited  to  the  vacant 
seat  of  Legendre,  a  geometrician  who  was  bom  in  the  country  of  Galileo. 
Our  later  volumes  are  enriched  by  his  researches  into  the  integra- 
tion of  linear  equations  having  differences  of  the  second  and  higher 
orders.  M.  Libri  had  published  the  first  volume  of  his  Histoire  des 
Mathematiques  en  Italic ;  but  at  the  moment  of  presenting  it  to  the 
Institute,  the  whole  edition,  partaking  the  fate  of  the  Mecanique  Celeste^ 
was  destroyed  in  the  vast  conflagration  which  Paris  still  deplores*.  The 
author  supported  his  loss  with  the  calm  of  a  philosopher,  and  exem- 
plified one  of  the  principal  precepts  which  his  own  work  inculcated.  In 
this  History,  he  has  elevated  a  monument  to  the  philosophy  of  the 
sciences,  exhibiting  to  youth,  not  the  ordinary  spectacle  of  genius,  wel- 
comed, honoured,  rewarded,  but  of  genius,  attacked,  persecuted,  pro- 
scribed, as  were  Galileo,  Dante,  and  Machiavelli.  "  This  persevering 
struggle,  this  great  intellectual  drama,"  says  M.  Libri,  "  appears  to  me  to 
contain  high  lessons  of  morality,  particulai-ly  useful  at  a  time  when  dis- 
couragement and  suicide  follow  so  close  upon  the  least  disappointment 
occurring  to  the  young."  It  is  delightful  to  see  the  most  austere  of  sciences 
thus  tendering  her  masculine  remedies  to  youth  empoisoned  by  a  dele- 
terious literature  ;  and  offering  to  noble  minds,  in  the  hope  of  attaching 
them  to  life,  the  sublime  ambition  of  deserving,  by  our  services  and  our 
fame,  the  ingratitude  and  the  insult  of  our  cotemporaries. 

The  transcendental  analysis  continues  to  be  cultivated  by  the  scien- 
tific descendant  of  Laplace  and  Lagrange.  In  addition,  M.  Poisson  is 
extending  a  field  of  inquiry,  Avhich  has  been  approached,  in  turns,  by  two 
geometricians,  Legendre  and  M.  Biot,  among  the  French,  and  MM.  Ivory 
and  Gauss,  in  foreign  countries;  viz.,  the  attraction  of  homogeneous 
ellipsoids,  whatever  may  be  the  position  of  the  point  attracted. 

He  is  also  examining  anew  the  motion  of  the  moon  round  the  earth, 
a  subject  which  has  been  successively  illustrated  by  the  greatest  mathe- 
maticians, from  Newton  to  Laplace,  and  since  them,  by  MM.  Plana, 
Carlini,  and  Damoiseau.  In  order  to  solve  the  great  difiiculties  which 
attend  this  inquiry,  M.  Poisson  has  sought  the  means  of  solution  in  the 

*  An  immense  fire  broke  out  in  the  quarter  in  which  nearly  all  the  principal  book- 
binders resided.     The  literary  loss  was  immense. 
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method,  at  once  general  and  fertile,  of  the  variations  of  arbitrary  c6n- 
stants,  a  method  which  he  completed  about  the  time  that  Lagrange,  sep- 
tiiagenaire,  erected  this  last  monument  of  his  genius. 

Grappling  even  with  the  calculus  of  variations,  the  great  analytical 
discovery  of  the  eighteenth  century,  but  in  which  still  remained  as  a 
desideratum  the  solution  of  a  general  and  very  difficult  case,  viz.,  the 
variation  of  double  integrals,  taking  the  terms  of  this  variation  which 
correspond  to  the  two  limits  as  perfectly  complete,  he  fills  up  this  chasm, 
and  furnishes  new  means  of  applying  this  admirable  calculus  to  mecha- 
nical and  physical  questions. 

The  general  theory  of  the  motions  of  a  solid  body  has  become  the 
object  of  the  simultaneous  studies  of  two  able  geometricians,  the  one, 
powerful  in  the  resources  of  analysis,  the  other,  in  those  of  geometry. 
The  first,  whose  labours  we  have  just  noticed,  maintained  his  previous 
reputation  by  demonstrating  the  fertility  of  his  favourite  method. 
The  second,  M.  Poinsot,  the  inventor  of  the  new  regular  polyhedrons, 
and  the  creator  of  the  theory  of  couples  which  has  so  changed 
the  face  of  statics  and  mechanics,  undertook  to  treat,  by  geometry 
alone,  the  transcendental  questions  of  the  double  motion  of  bodies,  by 
translation  and  rotation.  If  we  imagine  the  momentary  axes  of  rota- 
tion, and  the  principal  axes  of  a  body  to  be  represented  by  apparent  right 
lines,  and  that  upon  these  right  lines  there  are  distinct  points  marking 
the  position  of  the  centre  of  gravity  of  the  body,  we  can  form  orbs  indi- 
cative of  the  translation,  and  surfaces  indicative  of  the  rotation.  Now, 
by  the  ingenious  reasonings  and  lucid  theory  of  the  author,  the  geome- 
trical properties  of  these  orbs  and  surfaces  which  are  correlative  to  those 
of  the  body  and  of  the  forces  acting  upon  it,  are  rendered,  as  it  were, 
visible  to  the  eye,  and  palpable  to  the  imagination ;  they  oficr  a  series 
of  theorems  as  novel  as  vmexpected ;  they  introduce  to  the  mind  one  of 
the  most  exalted  pleasures  that  our  intellect  can  experience,  when  it  is 
shown  that  this  brilliant  and  tangible  method  follows  and  comprehends, 
in  all  their  phases,  transformations  hitherto  concealed  under  analytical 
forms  mysterious  as  the  oracles  of  an  invisible  power. 

When  the  warriors  of  France,  at  the  command  of  the  man  of  the 
age,  and  guided  by  our  scientific  predecessors,  ascended  the  river  whose 
source  is  unknown,  they  suddenly  discovered  Thebes,  that  city  of  geo- 
metrical forms,  broadly  displayed  by  the  rays  of  a  tropical  sun.  The 
enthusiasm  which  struck  them  was  similar  to  that  which  seized  the 
young  admirers  of  science,  when  they,  at  our  periodical  meetings,  saw 
the  learned  modern  unveil  before  them  the  monument  of  his  geometry. 

After  these  discoveries  of  the  masters  of  the  science,  we  may  still 
mention,  with  honour,  the  numerous  and  beautiful  researches  in  analysis 
and  mechanics  which  we  owe  to  MM.  Coriolis,  Duhamel,  Liouville,  and 
Sturm,  young  geometricians,  on  whom  rest  the  hopes  of  the  academy. 

A  profound  analyst,  M.  de  Corancez,  who  fell  a  victim  to  the  fatal 
epidemic  of  1832,  left,  as  the  last  product  of  his  studies,  a  learned  Theory 
on  the  Motion  of  Water  in  Vessels.  This  has  been  published,  since  his 
death,  under  the  auspices  of  our  colleague,  M.  de  Prony,  who,  during 
the  period  under  consideration,  has  himself  persevered  in  his  varied, 
learned,  and  fruitful  inquiries. 

s  2 
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We  shall  first  mention  his  memoir  on  the  formulas  for  determining 
the  effect  of  a  steam-engine  worked  expansively;  in  Avhich  this  geome- 
trician shows  that  he  was  the  first,  with  Bettancourt,  to  assign  a  mathe- 
matical law  to  the  expansive  force  of  steam,  under  various  degrees  of 
temperature.  We  shall  next  allude  to  his  application  of  the  theory  of 
particular  solutions  of  differential  equations  to  several  questions  of  deep 
interest  to  engineers; — to  his  considerations  on  the  effects  which 
follow  the  contraction  of  the  joints  in  large  circular  arches  of  bridges; 
—to  his  observations  on  the  dilatability  of  long  metallic  chains;  and — to 
his  means  of  improving  the  proportional  compasses,  so  as  to  extend  the 
use  of  this  instrument  and  give  it  more  precision.  We  shall  mention,  as 
works  of  another  class,  the  application  of  the  calculus  to  the  measurement 
of  eddies  and  back-currents,  produced  by  the  narrowing  of  beds  of  rivers, 
on  the  introduction  of  bridge-piers,  or  by  the  construction  of  dams  with 
a  bottom-discharge; — his  very  remarkable  examination  of  a  system  of 
embanking  proposed  at  the  mouth  of  the  Seine,  for  the  completion  of  the 
projects  which  had  been  entertained  for  years,  and  whose  object  was  to 
render  that  river  navigable  by  vessels  of  heavy  burden;  and,  finally,  his 
excellent  memoir  now  printing  by  the  Administration  Generate  des  Fonts 
et  Chaussees^  in  which  M.  de  Prony  describes  a  new  system  of  embank- 
ment for  rivers  and  large  currents  of  water,  of  which  he  is  the  inventor. 

These  numerous  works,  whose  titles  alone  exhibit  their  importance, 
shed  lustre  on  a  career  of  fifty  years,  devoted  to  great  public  works,  and 
to  the  application  of  mathematics  to  the  service  of  the  arts.  In  the 
present  year  they  have  obtained  a  reward  becoming  to  the  dignity  of  a 
nation  which  places  the  glory  of  the  sciences  in  the  first  rank  of 
'  public  duties.  The  enlightened  justice  of  a  monarch,  whom  mathematics 
applied  to  geography  considers  as  one  of  its  professors,  regarding  M.  de 
Prony  as  the  representative  of  the  Academic  des  Sciences,  has  selected 
him  for  elevation  to  the  peerage. 

A  worthy  pupil  of  Monge  and  of  Fourier  has  trod  in  their  steps, 
and  continued  their  train  of  discovery  by  his  researches  on  transversals; 
— on  the  properties  of  projected  figures;  and,  finally,  on  numerical  calcu- 
lation and  the  limits  of  series,  directed  to  a  practical  object;  on  the  last 
of  which  repose  his  highest  claims  to  distinction.  We  shall  merely  refer 
to  those  water-wheels  of  a  peculiar  scientific  form,  which  have  become 
popular  under  the  technical  name  of  Roues-a-la-Poncelet.  When  their 
adoption  shall  be  universal,  and  it  is  annually  extending,  France  will 
have  gained,  by  a  simple  theoretical  improvement,  the  daily  product  of  a 
motive  power  which  cannot  be  estimated  at  less  than  20,000  horses,  or 
120,000  men. 

The  labours  of  the  ofiicers  of  the  artillery,  and  of  the  civil,  military, 
and  naval  engineers,  present  admirable  collections  of  calculations,  of 
observations,  and  of  undertakings.  Limiting  ourselves  to  the  more 
remarkable,  we  shall  mention,  in  civil  engineering,  the  road  weighing- 
machines,  furnished  with  an  improved  dynamometer  capable  of  compa- 
rison, and  which  the  academy  rewards  in  the  present  sitting ; — a  bridge, 
superior  to  any  either  in  Europe  or  America,  suspended  from  mountain 
to  mountain,  at  Fribourg,  in  the  midst  of  the  Alps.  In  military 
engineering  and  in  the  artillery, — the  theories  of  the  pressure  of  earth 
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and  of  arches,  rendered  more  exact  and  applicable; — the  laws  of  the  issue 
of  fluids  from  large  orifices,  studied  and  laid  down  from  experiment ; — the 
laws  of  the  impulse  of  projectiles,  and  their  penetration  into  solids  of 
various  natures,  similarly  sought  after  and  calculated ; — the  friction  of 
machines,  submitted  again  to  experiment,  and  the  views  of  the  illustrious 
Coulomb  pursued  to  their  whole  extent;  finally,  in  naval  engineering, — 
a  port,  an  arsenal,  and  vessels  of  the  largest  class  suddenly  created  in 
Lower  Egypt;  and  in  the  Thebaid, — the  resources  of  naval  art  applied  to 
the  removal  of  the  obelisk  from  Luxor  as  if  it  were  but  the  unshipping 
of  a  mast ;  we  may  estimate  the  skill  and  simplicity  of  the  means  by 
the  fact  that  eight  persons  were  sufficient  to  regulate  and  check  the 
lowering  of  an  obelisk  which  weighed  three  thousand  six  hundred  men. 

Such  are  the  works  of  Raucourt,  of  Changey,  of  Poncelet,  of  Lebros, 
of  Piobert,  of  Morin,  of  Cerizy,  and  of  Lebas,  all  students  of  the  Ecole 
Polytechnique  ! 

The  Observatory  of  Paris  is  occupied  by  another  swarm  from  the 
same  immortal  hive.  It  is  there  that  the  exquisitely  beautiful  laws  of 
the  intermission  and  the  polarization  of  light  were  discovered,  and  their 
novel  and  striking  applications  to  the  nature  of  solar  and  of  sidereal  light 
were  first  made.  It  is  there,  particularly,  that  we  must  go  to  study  tlie 
laws  of  the  distribution  of  heat,  as  they  follow  the  respective  depths  of 
the  earth's  strata.  It  is  there  that  our  astronomers  have  amassed,  within 
the  last  few  years,  nearly  a  hundred  thousand  observations  on  the 
magnetic  needle,  for  the  purpose  of  determining  the  laws  of  its  diurnal 
variation,  both  in  the  dip  and  in  the  declination;  finally,  it  is  there  that 
the  fact,  so  remarkable,  of  the  disturbances  of  the  magnetic  motions  by  the 
aurora  borealis,  even  at  enormous  distances,  was  first  observed.  Auroras, 
perfectly  invisible  at  Paris,  are  now  detected  and  noted  at  the  observatory: 
subsequently,  we  learn  that  they  have  been  witnessed  at  the  extremities 
of  Europe,  and  even  beyond  the  ocean,  on  the  continent  of  America. 

The  celebrated  astronomer  to  whom  we  owe  this  discovery,  has 
achieved  for  science  another,  and  probably  a  far  more  difficult,  conquest. 
The  Observatory,  though  rich  in  instruments,  which  do  honour  to  our 
recent  skill,  had  not  sufficient  accommodation  for  carrying  on  the  obser- 
vations with  certainty,  facility,  or  security;  in  a  word,  it  did  not  possess 
the  conditions  imperiously  demanded  by  a  science  whose  progress 
requires  mathematical  precision.  He  presented  to  the  Chamber,  of 
which  he  is  a  member,  a  representation  of  the  discoveries  to  which  his 
science  aspired.  He  said  that  foreign  countries  were  proceeding  to  their 
accomplishment  with  superior  advantages,  by  the  possession,  not  of  genius, 
but,  of  scientific  means.  He  simply  inquired  of  the  representatives  of 
his  country,  whether  they  would,  or  would  not,  disinherit  France  of  a 
glory  which  the  human  mind  was  ready  to  seize  upon.  At  this  noble 
language  of  the  philosopher,  pleading  for  science,  the  malignant  spirit  of 
party  disappeared,  the  country  and  its  fame  were  alone  considered,  and 
the  generosity  of  the  legislature  instantly  exceeded  the  request  and  the 
hopes  of  the  astronomer.  The  government,  excited  by  a  similar  emula- 
tion, commenced  the  work,  without  delay,  and  two  years  and  eight 
thousand  pounds  have  been  sufficient  to  accomplish  the  whole  with  the 
grandeur  proper  to  France. 
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The  study  of  theoretical  astronomy,  so  successfully  prosecuted 
by  M.  Pontecoulant,  and  the  recent  correction  of  the  masses  of  Jupiter  and 
Saturn,  have  enabled  the  French  geometrician  to  calculate  the  period 
of  Halley's  comet  with  far  more  precision  than  any  learned  foreigner; 
by  a  happy  application  of  a  method  of  Lagrange,  he  has  rendered  the 
calculations  of  the  elements  of  this  body,  even  when  the  influence  of  all 
the  disturbing  forces  is  taken  into  the  account,  brief  and  easy;  a  calcu- 
lation hitherto  terrific  from  its  length  and  complexity.  At  the  same 
time,  the  astronomers  of  Paris  have  established,  by  ingenious  experi- 
ments, suggested  by  M.  Arago,  that  the  light  of  this  comet  is  a  reflected 
light;  and  they  were  the  first  to  point  out  those  singular  and  luminous 
sectors,  which  intermittingly  appear  and  disappear  on  the  edge  of  this 
body. 

Let  us  now  proceed  to  other  works,  intended,  like  the  preceding,  to 
confer  reputation  and  benefit  on  the  country;  I  am  desirous  to  speak  of 
those  noble  undertakings  which  are  destined  to  describe,  mathematically, 
the  coasts,  the  territory,  and  the  soil  of  France. 

After  having  undertaken  and  completed,  under  the  empire,  the 
hydrography  of  the  coasts  of  Belgium,  and  of  Holland,  and  next  that  of 
the  shores  of  the  Ocean,  from  Ushant  to  Spain,  M.  Beautemps-Beaupre, 
our  colleague,  is  now  continuing,  on  the  same  plan,  the  hydrography  of 
the  shores  of  the  Channel,  and  which  will  be  followed  by  that  of  the  Medi- 
terranean. In  three  seasons  he  will  have  terminated  the  whole  of  the 
operations  appertaining  to  the  Atlantic  survey,  in  which  the  rigour  of  the 
methods  improved  and  employed  by  him,  and  the  scrupulous  precision  of 
the  observations  on  land,  at  sea,  and,  I  may  almost  say,  beneath  the  sea, 
and  the  double  check  of  the  calculations  by  diiferent  engineers,  and,  lastly, 
the  beauty  of  the  engraving,  conspire  to  produce  a  work  which  will  be 
worthy  of  the  actual  state  of  science  and  art.  A  word  will  be  sufficient  to 
enable  us  to  appreciate  the  magnitude  of  the  undertaking.  Two  hundred 
thousand  pounds,  thirty  years  of  labour  of  the  hydrographic  corps,  one 
half  of  the  life  of  its  chief,  and  four  hundred  and  fifty  quarto  volumes  of 
observations  and  calculations,  have  been  necessary  to  accomplish  the 
hydrographic  surveys  of  the  coasts  of  France,  to  complete  them  in  their 
twofold  relation  to  commerce  and  the  naval  interests,  and  to  adapt  them 
to  the  preparation  of  the  grand  atlas  of  the  Piloie  Frangais. 

Less  advanced  than  this,  but  demanding  a  yet  greater  amount  of 
labour,  is  the  new  map  of  France.  This  is  now  under  execution  upon  a 
general  plan,  which  the  illustrious  author  of  the  Mecanique  Celeste 
stamped  with  a  geometric  character.  M.  de  Laplace,  selected  for  his 
genius  by  Napoleon,  and  welcomed  by  Louis  XVIIL,  for  his  wit, 
exerted  his  high  influence  that  the  operations  might  be  carried  on  by  a 
corps  of  skilful  geographers,  educated  in  the  Ecole  Polytechnique.  France 
was  then  scored,  from  frontier  to  frontier,  V(dth  two  new  meridian  chains 
of  triangulations,  and  with  six  parallel  ones,  all  observed  with  the  most 
improved  instruments,  and  calculated  by  methods  that  the  recent  advances 
of  geodaesy  and  astronomy  had  furnished.  These  immense  works  were 
completed  between  1818  and  1830. 

The  hydrographers,  and  M.  Daussy  in  particular,  have  already 
measured  the  great  sinuous  chain  which  follows  the  shores  of  the  Ocean. 


THE   MATHEMATICAL   SCIENCES    IN   PRANCE;  263 

In  1830,  1831,  and  1832,  the  geographers  measured  that  which  runs 
along  the  Mediterranean,  from  Perpignan  to  Marseilles. 

Memoirs,  worthy  of  the  undertaking,  and  which  have  been  submitted 
to  the  judgment  of  the  Academy,  have  described  the  results  of  the  princi- 
pal chains;  that  of  Colonel  Coraboeuf  on  the  geodaasical  operations  in  the 
Pyrenees,  and  the  comparative  level  of  the  seas,  has  demonstrated,  for 
the  first  time,  the  equal  height  of  the  Atlantic  and  the  Mediterranean. 
The  whole  of  the  operations  are  given  in  the  Nouvelle  Description  Geo- 
metrique  de  la  France,  the  production  of  our  colleague,  M.  Puissant, 
who,  for  many  years,  has  had  the  scientific  direction  of  the  map  in 
question. 

Results  of  high  importance  have  followed  some  of  the  measures  con- 
sequent on  these  operations.  The  latter  have  been  prolonged  on 
the  central  meridian  as  far  as  the  Orkneys  on  the  north,  and  to  the 
Balearic  Isles  on  the  south  by  MM.  Biot  and  Arago;  on  the  mean  parallel 
they  have  been  extended  from  the  Atlantic  Ocean  to  the  Adriatic  Sea. 
The  results  were  described  and  demonstrated  in  a  memoir,  read  by 
M.  Puissant  to  the  Academy  in  1833,  intituled  Nouvelles  Comparaisons  des 
Mesures  Geodesiques  et  Aslronomiques  de  la  France.  They  show,  1st, 
that  the  flattening  of  the  earth,  in  that  part  which  is  occupied  by  the 
territory  of  France,  is  greater  than  had  been  previously  estimated; 
2nd,  that  the  surface  of  this  territory,  considered  as  a  whole,  is  not  formed 
by  two  portions  of  the  same  spheroid,  symmetrical  on  the  east,  and  on 
the  west,  of  the  meridian  of  Paris.  This  meridian  itself,  and  all  the  others 
which  pass  along  France,  are  not  plane  curves,  they,  with  the  parallels, 
are  found  to  have,  within  the  limits  of  the  kingdom,  a  decided  double 
curvature;  their  tangential  planes  are  inclined,  some  towards  the  west, 
others  towards  the  east,  of  an  imaginary  plane  meridian.  M.  Puissant 
gives  these  inclinations  for  the  principal  points  of  the  great  chains  of  the 
map  of  France.  At  the  same  time,  the  chain  measured  by  Delambre  and 
Mechain,  has  been  corrected  in  its  intermediate  part,  and  in  its  final  result 
on  the  base  at  Perpignan. 

France  divided  into  twenty-one  quadrilaterals,  by  these  great  meri- 
dional and  parallel  chains,  is  proposed  to  be  subdivided  by  a  net-work  of 
primordial  triangles,  having  their  summits  coincident  with  the  elevated 
points  of  the  surface,  and  with  the  more  remarkable  edifices.  A  triangu- 
lation  of  a  secondary  order  is  then  to  connect  these  guiding-points,  with 
all  those  that  are  essential  to  the  local  topographies.  Lastly,  the  grand 
national  assessment,  {Le  Cadastre,)  commencing  with  this  last  reticula- 
tion, will  fill  it  entirely  by  the  actual  survey  and  measurement  of  all  the 
distinct  properties  which  occupy  the  soil  of  France. 

When  these  triangulations  shall  be  completed,  the  positions  of  forty 
thousand  points  will  be  mathematically  determined,  and  there  will  be 
given  their  azimuth,  latitude,  longitude,  and  altitude  (that  is,  their  height 
above  the  mean  level  of  the  sea). 

These  triangulations,  it  must  be  confessed,  have  proceeded  but 
slowly  since  1830.  An  act,  of  no  very  scientific  character,  dispersed  the 
corps  of  Ingenieur-geographes,  which  had  been  exclusively  filled  up  till 
1831,  from  the  Ecole  Polytechnique.  Henceforth  confounded  with  the 
officers  of  the  staff,  and  liable  to  services  foreign  to  geometry,  and  more 
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favourably  regarded  by  power,  the  real  geographers  of  the  map  of  France 
will  diminish  in  number,  as  their  special  occupation  declines.  They  will 
no  longer  have  that  exclusive  employment  which  exclusively  leads  to 
excellence.  Let  us,  at  least,  give  utterance  to  our  hopes,  that  those  who 
still  survive,  may  be  constantly  employed  to  finish  the  great  work  which 
they  commenced.  It  would  be  disgraceful  to  the  nineteenth  century, 
and  to  a  government  friendly  to  the  arts,  if,  under  its  auspices,  a  distin- 
guished undertaking  of  the  fallen  dynasty  should  degenerate  as  it  advances 
towards  completion,  and  if  mere  military  expedition  should  be  substituted, 
in  works  of  this  nature,  for  scientific  labour.  Let  us  declare  openly,  that 
neither  the  total  cost,  nor  the  graphic  excellence,  nor  the  magnificent 
scale  of  the  plates,  will  alone  constitute  the  map  of  France  a  monument 
of  which  the  nation  may  be  proud.  The  utmost  rigour  of  mathematical 
precision  must  pervade  the  whole,  and  enter  into  the  minutest  detail  of 
the  operations.  This  is  the  kind  of  perfection  for  which  the  Academy 
must  plead,  as  they  would  for  a  national  distinction  which  ought  to  be 
sacredly  maintained. 

The  mathematical  position  of  all  the  important  points  being  ascer- 
tained, there  would  remain  to  be  described  the  nature  itself  of  the  soil. 
This  is  the  object  to  be  attained  by  the  geological  map  of  France,  under- 
taken for  the  service  of  the  natural  sciences,  and  the  productive  arts. 
Attempted  sixty  years  ago,  under  the  patronage  of  Lavoisier,  but  suspended 
by  the  Revolution,  it  was  recommenced  in  1835,  by  three  students  of  the 
Ecole  Polytechnique ;  the  first  in  rank  as  in  age,  M.  Brochant,  is  already 
a  member  of  the  Academy  and  director  of  the  undertaking,  of  which  he 
furnished  the  plan;  the  second  has  been  elected  in  the  present  year,  in 
the  present  month  even,  to  take  his  seat  amongst  us;  the  third  stands  in 
the  first  rank  of  those  who  were  the  competitors  and  rivals  of  his  dis- 
tinguished fellow-labourer. 

MM.  Elie  de  Beaumont  and  Dufresnoy  have  devoted  ten  years  of 
travel,  exploration,  study,  and  discovery,  in  the  examination  of  the  whole 
territory  of  France,  and  of  those  of  the  adjacent  countries  of  England, 
Spain,  Italy,  Switzerland,  and  Western  Germany,  for  the  purpose  of  col- 
lecting the  materials  of  this  map.  It  is  so  far  advanced,  that  the  primor- 
dial lines,  the  intersection  of  the  principal  strata,  and  the  visible  surface, 
are  already  drawn  and  engraved.  When  it  shall  have  received  the 
hatchings,  the  marginal  boundaries,  and  the  references,  it  will  be  in  every 
respect  equal,  and  in  some  respects  superior,  to  the  celebrated  geological 
map  of  England. 

The  maps  of  the  d^etail,  which  are  intended  to  exhibit  a  complete 
and  minute  topography  of  our  mineral  riches,  and  which  I  shall  designate 
the  national  geological  assessment  (Le  Cadastre  Geologique)  of  the  coun- 
try, have  been  commenced  by  the  departments.  These  maps  take  for 
their  marginal  boundaries,  and  for  their  guiding-points,  the  principal 
lines  and  the  fundamental  data  of  the  general  map.  Several  of  the 
departemental  councils  have  already  granted  the  necessary  funds  for  these 
provincial  undertakings :  and  there  is  far  too  much  knowledge  and  love 
of  excellence  difi"used  among  these  elective  bodies  to  permit  the  suppo- 
sition, that  any  one  of  them  will  refuse  to  make  the  sacrifice  from  which 
will  follow  so  much  useful  information,  beneficial  to  agriculture,  to  com- 
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merce,  to  manufactures,  to  the  requirements  of  private  life,  and  to  the 
public  service. 

Engineers,  reared  in  the  illustrious  school  of  Monge,  could  not 
be  perpetually  occupied  in  the  study  of  immense  and  varied  territories, 
which  it  was  their  duty  to  describe,  without  indulging  occasionally  in 
the  application  of  the  principles  of  the  higher  geometry,  and  of  mechanics, 
to  geology.  M.  Elie  de  Beaumont  has  done  this  with  the  greatest  suc- 
cess, in  his  novel  and  prolific  notion  of  the  successive  elevation  of  the 
great  mineral  beds  which  constitute  the  crust  of  the  globe. 

The  application  of  the  mathematical  sciences  to  those  which  are 
designated  the  natural  ones, — to  the  wants  of  the  productive  arts, — to 
public  works,  of  which  we  have  presented  such  fine  examples  from  works 
over  which  the  Academy  presides,  forms  the  most  remarkable  character- 
istic in  the  actual  progress  of  human  knowledge. 

The  theory  of  heat  promulgated  by  Fourier  still  excites  attention, 
and  receives  further  developements.  It  has  been  made  the  subject  of  a 
large  work  by  M,  Poisson. 

Effects,  which  the  reduction  of  heat  by  chemical  means  cannot  pro- 
duce, are  now  accomplished  by  mechanical  agency.  In  1830,  the  Academy 
rewarded  the  gas-compressing  machine  of  M.  Thilorier.  Chemistry,  by 
the  use  of  this  apparatus,  may  be  furnished  with  carbonic  acid  gas,  first 
in  a  liquid  form,  and  afterwards  solidified.  These  transformations  are 
extremely  important. 

A  corresponding-member  of  the  Academy,  M.  Melloni,  has  commu- 
nicated to  us  new  facts  relating  to  radiant  heat,  and  has  reduced  them  to 
calculation.  M.  Biot,  to  whom  we  are  indebted  for  a  report,  or  rather  for  a 
learned  treatise,  on  the  experiments  of  M.  Melloni,  has,  by  his  own  labours, 
extended  the  application  of  mathematical  analysis  to  chemistry.  The 
phenomena  of  circular  polarization  reduced  to  calculation,  have  been  made 
use  of  by  him  to  explain  some  remarkable  facts  in  organic  chemisty.  This 
subject,  so  perfectly  new  to  the  world,  has  engaged,  for  many  years,  the 
attention  of  M.  Biot. 

Franklin,  Galvani,  Volta,  CErsted,  and  Seebeck,  were  the  observers 
of  those  priniordial  facts  in  electricity,  galvanism,  and  magnetism,  from 
which  have  flowed  such  vast  series  of  phenomena;  but  philosophers  of 
France  were  the  first  to  discover  the  laws  of  their  theory.  On  these  are 
based  the  reputation  of  Coulomb  and  M.  Poisson,  in  electric  statics,  and 
that  of  MM.  Ampere*,  Arago,  Biot,  Savart,  and  Savary,  in  dynamic 
electricity. 

From  the  midst  of  these  philosophers,  M.  Becquerel  has  opened  a 
path  for  himself.  He  has  attacked  chemistry  with  weapons  of  his  own  pre- 
paration, to  subdue  her  to  the  dominion  of  mathematical  laws.  Electricity 
and  galvanism  are  the  powers,  or  to  speak  more  correctly,  the  single 
power,  which  he  employs.  Gifted  by  nature  with  extreme  delicacy  of 
the  organs  of  sense,  and  exquisite  power  of  observation,  we  may  justly 
entitle  him  the  WoUaston  of  France.  Apparatus,  almost  microscopic,  is 
sufficient  to  enable  him  to  measure  the  grandest  operations  of  the  powers 
which  are  the  objects  of  his  contemplation.  He  detects,  and  appreciates 
with  astonishing  sagacity,  the  two  electricities,  as  they  develop  them- 

*  Since  dead. 
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selves  in  the  production  of  chemical  action.  He  has  improved  the  thermo- 
electric pile,  and  given  it  additional  value,  by  the  importance  of  his 
applications.  With  metallic  threads  of  extreme  tenuity,  he  measures 
the  temperature  of  the  interior  of  animals  and  of  man,  compares  their 
variations  in  different  parts  of  the  organic  system,  and  even  those  of  the 
same  part  when  affected  by  disease.  A  process  entirely  novel,  and  ex- 
tremely valuable  to  medical  science. 

During  a  visit  to  the  frontiers  of  France  and  Italy,  made  by  this 
philosopher  and  M.  Breschet,  the  colleague  of  his  later  experiments,  they 
seized  the  opportunity  of  applying  their  instruments  and  processes  to 
other  phenomena,  the  observation  of  vrhich  has  enabled  them  to  extend 
still  further,  the  domain  of  science. 

It  is  by  these  means  that  the  applications  of  mathematical  science 
are  extended,  even  to  the  phenomena  of  animal  organization. 

Acoustics  are  noAv  employed  to  examine,  the  intensity,  the  variety, 
and  the  rhythm,  of  sounds,  emanating  from  the  heart,  and  from  the  lungs, 
for  the  purpose  of  deciding  upon  the  healthy  or  the  diseased  state  of  those 
organs;  the  nature  and  degree  of  any  morbid  affection,  are  also  ascertained 
by  the  same  agency. 

M.  Magendie,  our  colleague,  has  been  induced,  by  some  ingenious 
reasonings,  to  borrow  from  mechanical  laws  his  explanation  of  the  normal 
sounds  of  the  heart,  and  which  he  refers  to  the  oscillation  of  that  organ. 

Our  colleague,  M.  Flourens,  seeks,  in  the  mechanical  pressure  exer- 
cised upon  the  brain,  an  explanation  of  the  condition  of  those  persons  who 
undergo  the  operation  of  trepanning,  and  even  of  the  effects  of  the 
operation.  With  the  skill  of  an  able  physicien,  he  studies  the  respiration 
of  fishes,  and  explains  the  hydrostatic  process  by  which  these  animals 
inhale  more  free  oxygen  in  water,  which  appears  to  afford  them  so  little, 
than  they  do  in  the  atmosphere,  where  this  vital  gas  is  in  abundance. 

M.  Dutrochet,  who  has  commimicated  to  us  so  many  facts,  the  fruit 
of  his  ingenious  observations  on  the  internal  dynamics  of  vegetables,  has 
pushed  his  investigations  into  the  mechanism  of  the  respiration  of  insects, 
both  aquatic  and  aerial.  With  this  view  he  has  examined  the  chemical 
processes  which  are  carried  on  during  this  act  of  their  existence. 

I  am  far  from  having  enumerated  all  the  'recent  modes  in  which 
mathematics  have  been  applied  to  natural  science.  I  have  not  even 
hinted  at  its  application  to  that  of  politics,  and  of  social  economy,  nor  to 
the  subject  of  population.  Having  individually  taken  a  part  in  these 
discussions,  I  shall  pass  them  unnoticed. 

But,  in  this  sketch,  rapid,  incomplete,  imperfect,  I  ask  with  confi- 
dence, Do  you  not  recognise  the  ever-increasing  utility  of  science,  the 
extent  of  her  benefits,  the  sublimity  of  her  titles,  even  during  the  short, 
embarrassed,  and  turbulent  period  to  which  I  have  confined  myself? 
The  sciences  must  have,  therefore,  of  necessity,  a  vital  energy  peculiar  to 
themselves;  a  progressive  power,  superior  to  the  obstacles  of  time,  of 
things,  and  of  man.  Human  passions,  vulgar  ambition,  and  party- 
interests,  pass  away,  but  the  labours  of  science,  the  sacrifices  made  for 
her  sake,  the  victories  borne  off  in  her  name,  remain;  and  contribute  to 
the  enlargement  of  that  splendid  and  profitable  heritage  on  which,  at  the 
present  day,  is  based  her  real  grandeur. 
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A  POPULAR  COURSE  OF  GEOLOGY. 
IIL 

The  Discoveries  of  Geology  not  opposed  to  Sacred  History. 

We  have  now  enumerated  some  of  the  advantages  of  geology,  and  some 
of  the  pleasures  attending  the  study  of  it ;  and  is  it  to  be  wondered  that 
a  science  possessing  such  attractions,  so  important  in  its  results,  so  fertile 
in  new  discoveries,  and  whose  lofty  and  boundless  speculations  possess 
an  interest  almost  poetic,  should  be  remarkable  for  the  enthusiasm  with 
which  it  inspires  its  votaries,  or  that  their  number  should  daily  increase? 
There  are  those,  however,  who,  admitting  all  that  can  be  urged  in  its 
favour,  would  yet  dissuade  us  from  the  study,  as  opposed  to  the  highest 
and  best  interest  of  mankind,  by  tending  to  undermine  our  belief  in  the 
truth  of  the  Sacred  Records.  To  these  objectors,  whose  motives  we  must 
respect  though  we  cannot  applaud  their  judgment,  we  would  reply,  that 
their  advice  appears  to  argue  a  lurking  distrust  of  the  truth  of  what  they 
profess  to  believe;  for  it  amounts  to  a  recommendation  that  we  should 
close  a  great  and  important  chapter  in  the  volume  of  God's  works,  lest 
it  should  be  found  at  variance  with  the  volume  of  his  Word.  Con- 
flicting falsehoods  there  may  be;  but  truth  can  never  be  opposed  to 
truth,  however  they  may  differ  in  their  principles,  and  in  the  means  by 
which  we  obtain  a  knowledge  of  them.  We  could  never  have  become 
acquainted  with  the  relations  of  man  to  his  Creator,  and  with  God's 
Providence  in  his  dealings  with  man,  which  is  moral  truth,  except  by 
means  of  Revelation ;  neither  in  the  absence  of  a  revelation  of  physical 
truth,  can  we  discover  those  secondary  causes,  by  means  of  which  the 
material  world  is  governed,  except  by  observation,  experiment,  and  in- 
duction ;  and  as  long  as  we  adhere  honestly  to  that  cause  we  never  can 
arrive  at  anything  but  truth.  The  study  of  the  material  world  is  nowhere 
prohibited,  but,  on  the  contrary,  has  the  express  sanction  of  many  pas- 
sages of  Scripture.  Great,  says  the  Psalmist,  are  the  rvorks  of  the  Lordy 
sought  out  of  all  them  that  have  pleasure  therein;  and  he  never  breathes 
more  rapturous  devotion,  nor  rises  to  loftier  strains  of  poetry,  than  when 
expatiating  on  the  beauty  and  the  wonders  of  creation.  It  is  true  there 
are  some  natures  which  convert  into  poison  that  which  to  others  is  whole- 
some nutriment,  and  there  are  some  minds  which  betray  a  morbid  eager- 
ness to  discover  in  every  new  fact  in  physical  science  an  argument  against 
the  truth  of  Revelation.  But  are  we  to  abstain  from  what  is  in  itself 
good  because  others  pervert  it  to  evil  ?  If  we,  from  a  laudable,  though 
mistaken  zeal,  abjure  the  study  of  natural  science,  the  infidel  and  the 
sceptic  will  not.  They,  on  the  contrary,  will  pursue  it  the  more  eagerly 
the  more  likely  they  think  it  to  afford  a  position  from  which  revealed 
religion  may  be  successfully  assaulted.  Surely,  then,  the  believer, 
instead  of  leaving  them  in  possession  of  the  field,  ought  to  consider  the 
study  of  natural  science  an  imperative  duty,  that  he  may  be  able  to  foil 
such  assailants  with  their  own  weapons ;  for  if  he  enter  the  contest,  as 
too  many  injudicious  advocates  have  entered  it,  unacquainted  with  the 
true  nature  of  the  phenomena  bearing  on  the  question,  and  ignorant  of 
the  conditions  of  the  problem  he  undertakes  to  solve,  he  can  only  bring 
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discredit  on  the  cause  which  he  attempts  to  serve.  The  assailants  of  Revela- 
tion usually  assume,  and  too  many  of  its  defenders  argue  on  the  assump- 
tion, that  we  have  reason  to  expect  a  system  of  physical  science  in  the 
Sacred  Writings;  but  the  slightest  consideration  of  the  purpose  for 
which  they  were  given,  must  convince  us  that  such  a  revelation  would 
have  been  quite  at  variance  with  their  professed  object.  That  object  was 
to  make  man  acquainted  with  his  relations  to  his  Creator — with  his 
original  state — his  present  condition — his  future  hopes.  Such  a  com- 
munication contained  too  much  that  was  humiliating  to  human  pride,  to 
obtain  a  ready  acceptance,  notwithstanding  the  high  credentials  by  which 
it  was  supported ;  and  to  have  connected  with  it  a  system  of  physical 
science,  opposed  to  the  prevailing  notions  respecting  the  material  world, 
instead  of  facilitating  its  reception,  would  have  aflPorded  fresh  grounds  for 
incredulity,  by  the  announcement  of  facts  apparently  contradicted  by  the 
evidence  of  the  senses.  Moreover,  to  have  made  physical  truth  the  sub- 
ject of  revelation,  would  have  destroyed  its  great  use  as  an  exercise  of  the 
reasoning  powers ;  and  would  have  deprived  it  of  its  highest  interest,  by 
superseding  all  discovery,  and  leaving  to  us  only  the  task  of  committing 
to  memory  what  was  plainly  recorded. 

The  object  of  Natural  Religion  is  to  trace  the  Author  of  Nature  in  his 
works ;  and  with  this  physical  science  has  an  intimate  connexion.  The 
object  of  Revealed  Religion  is  the  providential  history  of  man ;  and  with 
this  natural  science  has  only  an  incidental  connexion,  arising  out  of  such 
physical  facts  as  are  mentioned  in  the  course  of  that  history. 

We  have  already  briefly  noticed  the  manner  in  which  geology  con- 
firms and  extends  the  evidences  of  natural  religion.  Before  we  proceed 
to  examine  its  bearings  on  the  few  physical  facts  recorded  in  the  Inspired 
Writings,  let  us  consider  the  case  of  astronomy  with  respect  to  those 
writings.  Astronomy  may  be  regarded  as  a  nearly  perfect  scienc  ;  and 
its  conclusions  rest  upon  a  basis  which  cannot  be  shaken — mathematical 
demonstration,  the  highest  degree  of  proof,  of  which  truth  is  susceptible. 
Yet  we  do  not  find  in  the  Scriptures  the  remotest  hint  by  which  even  a 
clue  might  be  obtained  to  those  great  astronomical  truths,  which  have 
been  slowly  and  laboriously  worked  out  by  the  process  of  observation  and 
induction.  On  the  contrary,  every  notice  of  those  subjects  is  such  as  to 
favour  popular  notions,  derived  from  the  first  sensible  appearances  of  the 
heavens  and  the  earth.  But  surely  we  are  not  therefore  called  upon  by 
true  religion  to  reject  a  system  of  physical  truth,  founded  on  the  clearest 
demonstration,  any  more  than  we  are  required  by  sound  philosophy  to 
disbelieve  a  revelation  of  moral  truth,  supported  by  its  appropriate  train 
of  moral  evidence  and  credible  testimony.  Ought  we  not  rather  to  con- 
sider the  manner  in  which  the  phenomena  of  the  natural  world  are  spoken 
of  in  the  Scriptures  as  a  proof,  that  the  moral  destiny  of  man  is  all  that 
has  been  revealed ;  that  the  phenomena  and  laws  of  the  material  world 
are  left  to  be  discovered  by  human  reason ;  and  that,  when  speaking 
incidentally  on  subjects  connected  with  physical  science,  the  language  of 
Inspiration  has  been  accommodated  to  popular  notions  and  sensible 
appearances,  in  the  same  manner  that  when  speaking  of  his  own  incom- 
prehensible attributes  the  Almighty  has  adopted  language  suited  to 
human  comprehension. 
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No  sane  person  would  now  attempt  to  overtlirow  the  modern 
system  of  astronomy  by  appeals  to  the  text  of  Scripture.  But  astronomy 
was  not  always  in  its  present  matured  state.  It  has  been  said  of  our 
science  that  it  is  scarcely  yet  out  of  its  cradle ;  and  its  present  state  may 
be  compared  to  that  of  astronomy,  when  the  discoveries  of  Galileo  were 
deemed  hostile  to  religion.  But,  after  all,  the  facts  hitherto  brought  to 
light  by  the  researches  of  geology,  are  more  in  accordance  with  the  text 
of  Scripture  than  are  those  of  astronomy.  What  can  be  gathered  from 
the  brief  account  of  the  creation,  contained  in  the  first  chapter  of  Genesis, 
more  than  this;  that  the  world  was  not  self-existent  and  eternal;  that  it 
was  called  into  being  by  the  fiat  of  an  Almighty  Creator;  and  that, 
though  he  could  have  produced  it  in  an  instant,  clothed,  as  we  now 
behold  it,  with  plants,  and  furnished  with  inhabitants,  it  was  his  pleasure 
to  proceed  gradually  in  the  work  of  creation;  and  that  man  was  the  last, 
as  he  is  the  noblest,  of  his  Maker's  works?  And  what,  we  would  again 
ask,  is  there  in  the  phaenomena  of  geology  inconsistent  with  this?  It 
may  be  doubtful  whether  we  see  the  remains  of  the  earliest  races  of 
beings  by  which  the  waters  were  inhabited;  and  there  may  be  a  difference 
of  opinion,  in  the  present  state  of  our  knowledge,  whether  there  were 
any  animals  of  the  higher  orders  contemporary,  as  inhabitants  of  the 
land,  with  those  marine  races,  whose  remains  we  find  in  the  ancient 
state ;  but  the  recent  origin  of  man,  as  we  have  before  shown,  does  not 
admit  of  a  doubt.  On  that  point  all  geologists  are  agreed, — those  who 
believe  the  Sacred  Records  and  those  who  do  not;  and,  as  Cuvier  has 
said,  we  cannot,  from  geological  monuments,  date  the  introduction  of  the 
human  race  upon  the  earth  at  a  more  remote  period  than  about  six 
thousand  years  ago. 

With  regard  to  the  time  occupied  in  the  gradual  work  of  creation, 
there  have  been  differences  of  opinion  arising  out  of  the  text  itself,  inde- 
pendent of  any  geological  investigations;  and  though  the  majority  of 
commentators  have  maintained,  that  by  the  days  of  creation  are  to  be 
understood  periods  of  time  equal  to  that  in  which  the  earth  performs  a 
revolution  on  its  axis,  others  have  contended  that  they  might  be  periods 
of  long  and  definite,  though,  to  us,  unknoAvn  duration. 

But  this  extension  of  the  term  is  by  no  means  necessary;  for  the 
phenomena  of  geology  may  be  reconciled  with  the  Mosaic  account  of  the 
creation  by  the  supposition  that,  after  God  had,  "in  the  beginning," 
created  the  heaven  and  the  earth,  a  long,  undefined  period,  may  have 
elapsed,  during  which  a  series  of  revolutions  may  have  taken  place,  which 
are  passed  over  in  silence,  as  being  totally  unconnected  with  the  history 
of  the  human  race;  that,  at  the  termination  of  this  period,  the  earth  was 
in  the  chaotic  state  described  in  the  second  verse  of  Genesis;  and  that, 
at  this  point,  the  narrative  of  the  six  days  of  creation  commences;  during 
which  the  earth  was  again  restored  to  order,  covered  with  the  existing 
races  of  plants  and  animals,  and  finally  made  the  abode  of  man.  On 
either  interpretation  of  the  term  day,  whether  it  be  restricted  to  days  of 
twenty-four  hours,  or  be  extended  to  periods  of  definite  but  unknown 
duration,  a  difficulty  will  remain,  connected  rather  with  astronomy  than 
with  geology.  This  difficulty  is,  that  according  to  the  received  interpre- 
tation, the  sun  was  not  created  till  the  fourth  day.     If,  therefore,  the 
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word  day  is  to  be  taken  in  its  ordinary  acceptation,  those  days 
that  succeeded  the  creation  of  the  sun  must  have  been  very  different 
from  those  that  preceded  that  event;  and  if,  by  days,  we  are  to  under- 
stand long  periods,  then,  during  three  of  those  long  periods,  the  earth 
must  have  existed  independent  of  those  laws  of  gravitation  of  which  the 
sun  is,  to  our  system,  the  centre,  and  not  only  must  it  have  so  existed, 
but  during  one  of  those  long  periods  it  must  have  been  clothed  with 
vegetation,  "  herb  yielding  seed,  and  fruit-tree  bearing  fruit,"  without  the 
aid  of  solar  influence.  But  this  difficulty  will  be  removed  by  adopting 
the  interpretation  suggested  by  Dr.  Buckland,  in  his  recently-published 
Bridgewater  Treatise;  that  the  sun  and  moon  were  not  called  into 
existence  on  the  fourth  day;  that  they  were  then  prepared  and  ordained 
to  certain  offices  of  high  importance  to  mankind,  who  were  shortly  to  be 
created.  According  to  this  interpretation,  the  heaven  and  the  earth, 
declared  in  the  first  verse  to  have  been  created  by  God  in  the  beginnings 
mean  the  universe,  including  the  sidereal  systems,  with  the  planets  and 
their  satellites;  the  earth  being  specially  mentioned,  as  the  subsequent 
scene  of  those  creative  operations  which  were  about  to  be  described. 
A  long,  undefined  period,  to  which  we  have  before  alluded,  between  this 
primitive  creation  and  the  present  order  of  things  is  supposed  to  have 
terminated;  and  with  it  to  have  terminated  a  long  series  of  geological 
epochs.  This  would  be  the  commencement,  or  evening,  of  the  first  day, 
when  the  earth  lay  in  confusion  and  emptiness,  the  wreck  and  ruins  of  a 
former  state,  involved  in  temporary  darkness  and  a  temporary  state  of 
submergence.  The  work  of  the  first  morning  was  to  dispel  the  darkness 
that  overspread  the  ancient  earth.  On  the  third  day  the  waters  were 
commanded  to  be  gathered  into  one  place  and  the  dry  land  to  appear; 
but  neither  land  nor  waters  are  said  to  have  been  created  on  that  day. 
The  same  interpretation  may  be  applied  to  the  fourteenth  and  four 
following  verses;  what  is  there  stated  respecting  the  celestial  luminaries 
appearing  to  be  spoken  without  any  regard  to  their  real  importance  in 
the  universe,  but  solely  with  reference  to  our  planet  and  the  human  race. 
Light  may  have  been  re-admitted  to  the  earth  on  the  first  day,  the 
exciting  cause  of  light  remaining  obscured  by  mists  which  hung  over  the 
earth,  and  the  further  purification  of  the  atmosphere,  on  the  fourth  day, 
may  have  caused  the  sun,  moon,  and  stars  to  re-appear  in  the  firmament, 
and  to  assume  their  new  relations  to  the  human  race  and  the  re-con- 
structed earth. 

The  declaration,  in  this  place,  that  God  made  them,  will  then 
merely  be  a  repetition  and  amplification  of  part  of  the  first  verse,  intended 
to  warn  the  Israelites  against  that  early  and  prevalent  superstition  which 
led  to  the  worship  of  the  host  of  heaven.  These  explanations,  by  which 
the  letter  of  the  text  of  Genesis  is  reconciled  with  geological  phenomena, 
are  supported  by  Dr.  Buckland,  by  the  authority  of  Hebrew  critics,  and 
of  several  learned  and  pious  divines.  He  further  shows  that  it  had  long 
been  a  question  among  theologians,  whether  the  first  verse  of  Genesis 
ought  to  be  considered,  prospectively,  as  a  summary  announcement  of 
that  creation,  the  details  of  which  are  given  in  the  records  of  the  six 
successive  days,  or  as  an  abstract  statement,  that  the  universe  was  created 
by  God,  without  defining  the  period  when  that  creation  took  place;  and 
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it  is  also  stated,  on  the  authority  of  the  Regius  Professor  of  Hebrew,  at 
Oxford,  that,  in  some  old  editions  of  the  English  Bible,  in  which  there 
is  no  division  into  verses,  there  is  a  break  at  the  end  of  what  is  now  the 
second  verse;  and  that,  in  Luther's  Bible  (Wittenberg,  1557),  there  is, 
moreover,  the  figure  1  placed  against  the  third  verse,  as  being  the 
beginning  of  the  account  of  the  creation  of  the  first  day. 

Referring  those  Avho  are  desirous  of  seeing  this  question  more  fully 
discussed,  to  the  interesting  volume  from  which  the  above  abstract  is 
taken,  we  shall  conclude  this  part  of  the  subject  in  the  words  with  which 
Dr.  Buckland  concludes  his  chapter  on  the  consistency  of  geological 
discoveries  with  Sacred  history. 

"  After  all,"  he  says,  "  it  should  be  recollected  that  the  question  is 
not  respecting  the  correctness  of  the  Mosaic  narrative,  but  of  our  inter- 
pretation of  it;  and  still  further  it  should  be  borne  in  mind,  that  the 
object  of  this  account  was  not  to  state  ifi  what  manner,  but  by  whom,  the 
world  was  made.  As  the  prevailing  tendency  of  men,  in  those  early 
days,  was  to  worship  the  most  glorious  objects  of  nature,  namely  the 
sun,  and  moon,  and  stars,  it  should  seem  to  have  been  one  important 
point  in  the  Mosaic  account  to  guard  the  Israelites  against  the  polytheism 
and  idolatry  of  the  nations  around  them,  by  announcing,  that  all  these 
magnificent  celestial  bodies  were  no  gods,  but  the  work  of  one  Almighty 
Creator,  to  whom,  alone,  the  worship  of  mankind  was  due*." 

Having  thus  endeavoured  to  show  that,  as  regards  the  recent  origin 
of  the  human  race,  the  researches  of  geologists  confirm  the  Sacred  narra- 
tive ;  and  that  the  high  antiquity  which  they  claim  for  the  globe,  on  the 
evidence  of  a  vast  series  of  extinct  races  of  organized  bodies,  entombed 
in  the  earth's  crust,  is  by  no  means  inconsistent  with  the  literal  interpre- 
tation of  that  narrative,  the  only  remaining  event  mentioned  in  Scripture 
which  can  have  any  connexion  with  geology  is  the  general  Deluge. 

Phenomena  of  two  opposite  kinds  have,  at  different  times,  been  ap- 
pealed to  as  evidences  of  that  event, — the  organic  remains  contained  in 
the  stratified  rocks,  and  the  loose  covering  of  gravel,  clay,  and  sand,  dis- 
tributed over  the  surface  of  the  earth. 

When  the  study  of  the  structure  of  the  earth  first  began  to  attract 
the  attention  of  Europe,  in  the  beginning  of  the  sixteenth  century,  the 
marine  remains  discovered  gave  rise  to  much  discussion ;  some  main- 
taining that  they  were  not  real  remains,  but  mere  sports  of  Nature, 
formed  by  what  they  called  a  "  plastic  force,"  which  had  power,  it  was 
said,  to  fashion  stones  into  the  forms  of  organic  bodies.  Others  con- 
tended that  they  were  the  real  exuviae  of  animals  that  had  lived  and 
died  on  the  spots  where  their  remains  occurred ;  and  others  again  con- 
tended that  they  were  left  in  their  present  situations  by  the  Noachian 
Deluge,  to  the  transient  action  of  which  they  attributed  the  formation  of 
the  stratified  rocks,  in  all  their  vast  thickness,  with  their  almost  infinite 
subdivisions,  and  with  all  their  successive  groups  of  extinct  races. 

More  than  a  century  was  spent  in  proving  the  animal  origin  of 
these  remains,  and  in  refuting  the  notion  of  their  having  been  produced 
by  a  "  fermentive  process"  or  "  a  plastic  virtue,"  and  for  more  than 
another  century  and  a  half,  the  discussion  was  maintained  whether  they 

•  Buckland's  Bridgewater  Treatise,  vol.  i.,  p.  33.  * 


272  A    POPULAR    COURSE    OF    GEOLOGY, 

were  the  remains  of  animals  gradually  accumulated  at  the  bottom  of  the 
sea,  subsequently  converted  into  dry  land,  or  whether  they  were  left  by 
the  deluge  of  the  sacred  writings.  The  latter  opinion  was  not  finally 
abandoned  by  geologists  till  the  close  of  the  eighteenth  century ;  when 
Werner,  in  Germany,  and  Smith,  in  England,  had,  independent  of  each 
other,  established  the  order  of  succession  of  the  stratified  rocks;  and 
Smith  had  proved  that  each  group  of  strata  is  characterized  by  its  pecu- 
liar group  of  organic  remains.  The  researches  of  Cuvier  among  the 
extinct  animals  of  the  tertiary  formations  of  the  Paris  basin  were  like- 
wise affording  additional  proofs  of  the  gradual  accumulation  of  strata, 
and  of  the  remoteness  of  the  forms  of  mammalia  embedded  in  even 
these  comparatively  modem  rocks,  from  any  forms  now  living  on  the 
face  of  the  earth. 

About  the  same  time,  the  notice  of  observers  was  attracted  to  the 
water-moved  gravel,  and  other  phenomena  indicating  the  passage  of  a 
large  body  of  water,  at  a  recent  epoch,  over  a  great  part,  not  of  Europe 
only,  but  of  the  northern  hemisphere.  This  gravel  is  composed  chiefly 
of  fragments  of  the  rocks  of  the  neighbourhood  in  various  states  of 
attrition,  mixed  with  others  which  must  have  been  drifted  from  a  dis- 
tance, and  are  now  found  considerably  to  the  south  of  the  rocks  from 
which  they  have  been  derived. 

Huge  blocks  of  granite  and  other  rocks  dispersed  through  and 
lying  upon  this  gravel,  are  found  in  situations  far  to  the  south  of  their 
parent-rocks  ;  and  have  frequently  been  lodged,  in  a  most  extraordinary 
manner,  high  on  the  flanks  of  chains  of  mountains,  between  which 
and  the  chains  from  which  they  were  derived,  wide  and  deep  valleys 
intervene.  Bones  of  mammiferous  quadrupeds,  of  existing  genera,  but 
of  species  extinct,  or  existing  at  present  only  in  warm  climates,  are 
found  in  this  diluvium,  mixed  with  some  that  are  now  inhabitants  of 
Europe ;  and,  within  the  last  five  years,  fragments  of  marine  shells,  of 
existing  species,  have  been  discovered  in  it,  in  various  parts  of  Great 
Britain  and  Ireland,  sometimes  at  considerable  heights. 

These  evidences  of  diluvial  action  were  next  connected  by  geolo- 
gists with  the  Noachian  Deluge,  and  with  much  more  probability  than 
the  origin  of  the  stratified  rocks  had  been  referred  to  that  event.  This 
hypothesis,  first  propounded  by  De  Luc  and  other  observers,  was  warmly 
taken  up  by  Dr.  Buckland,  who  gave  to  this  transported  gravel  the  name 
of  diluvium.  The  new  diluvial  theory  obtained  the  support  and  sanc- 
tion of  Cuvier,  and  soon  became  popular  among  geologists.  There  were 
some  few,  however,  who  ventured  to  dissent  from  it  even  during  the 
height  of  its  popularity,  objecting  to  it  that  it  represented  the  flood  of 
the  Scriptures  as  an  impetuous  torrent  which  had  greatly  modified  the 
surface  of  the  earth,  excavating  valleys,  transporting  immense  blocks  of 
rock,  and  covering  hills,  as  well  as  valleys,  with  vast  accumulations  of 
debris ;  whereas  it  should  appear  from  the  brief  narrative  of  that  event 
in  Genesis,  that  the  rise  and  retirement  of  the  waters  was  gradual,  and 
even  that  vegetation  was  not  destroyed  by  them.  It  was  objected,  more- 
over, that  in  the  gravel  supposed  to  have  resulted  from  this  Deluge,  no 
human  remains  or  works  of  art  had  ever  been  found,  but  only  the  re- 
mains of,animaIs,  a  large  proportion  of  which  belonged  to  extinct  species. 
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As  our  knowledge  of  the  tertiary  strata  extended,  it  was  found  that 
lacustrine  and  marine  deposits,  of  gradual  accumulation,  and  be- 
longing to  diiferent  epochs,  had  been  confounded  with  this  diluvium. 
There  appeared,  too,  reason  for  supposing  that  some  of  the  extinct  vol- 
canic cones  of  central  France,  and  some  of  the  minor  cones  on  the 
flanks  of  Etna,  were  formed  at  an  era  more  remote  than  that  of  the 
historic  Deluge,  or  the  human  race  ;  and  they  exhibited  no  traces  of  dilu- 
vial action,  though  consisting  of  loose  scoriae  and  sand,  which  could  not, 
for  a  moment,  have  resisted  the  rush  of  a  violent  flood.  The  investiga- 
tions, moreover,  of  Elie  de  Beaumont  showed  that  the  mountain-chains 
of  Em-ope  had  been  elevated  at  several  distinct  epochs  ;  and  geologists 
began  to  connect  the  superficial  gravel  with  these  periods  of  elevation, 
supposing  that,  in  some  cases,  it  had  been  shot  off  the  flanks  of  the 
nearest  mountains  during  their  elevation,  or  that  the  violent  agitation 
into  which  parts  of  the  ocean  had  been  thrown  by  the  sudden  upheaving 
of  its  bed,  had  given  rise  to  great  weaves  which  had  rushed  over  the  land. 

The  hypothesis  which  attributed  all  the  superficial  gravel  in  the  world 
to  one  event,  and  that  the  Noachian  deluge,  was  abandoned  successively 
by  those  who,  for  a  time,  had  been  some  of  its  most  zealous  supporters. 
Professor  Sedgwick  renounced  it  from  the  chair  of  the  Geological 
Society,  in  the  year  1831,  in  the  following  words  : — 

"  Bearing  upon  this  difiicult  question,  there  is,  I  think,  one  great 
negative  conclusion  now  incontestably  established, — that  the  vast  masses 
of  diluvial  gravel  scattered  almost  over  the  surface  of  the  earth,  do  not 
belong  to  one  violent  and  transitory  period.  It  was  indeed  a  most  un- 
warranted conclusion  when  we  assumed  the  contemporaneity  of  all  the 
superficial  gravel  upon  the  earth.  "We  saw  the  clearest  traces  of  diluvial 
action,  and  we  had,  in  our  sacred  histories,  the  record  of  a  general  Deluge. 
On  this  double  testimony,  we  gave  unity  to  a  vast  succession  of  pheno- 
mena, not  one  of  which  we  perfectly  comprehended,  and  under  the  name 
of  diluvium,  we  classed  them  all  together. 

*•'  To  seek  the  light  of  physical  truth  by  reasoning  of  this  kind  is, 
in  the  language  of  Bacon,  to  seek  the  living  among  the  dead,  and  will 
ever  end  in  erroneous  induction.  Our  errors  were,  however,  natural,  and 
of  the  same  kind  which  led  many  excellent  observers  of  a  former  cen- 
tury to  refer  all  the  secondary  formations  of  geology  to  the  Noachian 
Deluge.  Having  been  a  believer,  and  to  the  best  of  my  power,  a  propa- 
gator of  what  I  now  regard  as  a  philosophic  heresy,  and  having  more 
than  once  been  quoted  for  opinions  I  do  not  now  maintain,  I  think  it 
right,  as  one  of  my  last  acts  before  I  quit  this  chair,  thus  publicly  to 
read  my  recantation. 

''  We  ought,  indeed,  to  have  paused,  before  we  first  adopted  the 
diluvial  theory,  and  referred  all  our  old  superficial  gravel  to  the  action  of 
the  Mosaic  Flood.  For  of  man,  and  the  works  of  his  hands,  we  have  not 
yet  found  a  single  trace  among  the  remnants  of  a  former  world  en- 
tombed in  these  ancient  deposits.  In  classing  together  distant  unknown 
formations  under  one  name ;  in  giving  them  a  simultaneous  origin,  and 
in  determining  their  date,  not  by  the  organic  remains  we  had  discovered, 
but  by  those  we  expected  hypothetically  hereafter  to  discover  in  them  ; 
we  have  given  one  more  example  of  the  passion  with  which  the  mind 
Vol.  II.  T  10 
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fastens  upon  general  conclusions,  and  of  the  readiness  with  which  it 
leaves  the  consideration  of  unconnected  truths. 

"  Are,  then,  the  facts  of  our  science  opposed  to  the  Sacred  Records  ? 
And  do  we  deny  the  reality  of  an  historic  deluge  ?  I  utterly  reject  such  an 
inference.  Moral  and  physical  truth  may  partake  of  a  common  essence, 
but,  as  far  as  we  are  concerned,  their  foundations  are  independent,  and 
have  not  one  common  element.  And  in  the  narrations  of  a  great  fa+al 
catastrophe,  handed  down  to  us,  not  in  our  sacred  books  only,  but  in  the 
traditions  of  all  nations,  there  is  not  a  word  to  justify  us  in  looking  to 
any  mere  physical  monuments  as  the  intelligible  records^  of  that  event : 
such  monuments,  at  least,  have  not  yet  been  found,  and  it  is  not,  per- 
haps, intended  that  they  ever  should  be  found.  If,  however,  we  should 
hereafter  discover  the  skeletons  of  ancient  tribes,  and  the  works  of 
ancient  art  buried  in  the  superficial  detritus  of  any  large  region  of  the 
earth ;  then,  and  not  till  then,  Ave  may  speculate  about  their  stature, 
and  their  manners,  and  their  numbers,  as  we  now  speculate  among  the 
disinten-ed  ruins  of  an  ancient  city. 

"  We  might,  I  think,  rest  content  with  such  a  general  answer  as 
this.  But  we  may  advance  one  step  further, — History  is  a  continued 
record  of  passions  and  events  unconnected  with  the  enduring  laws  of 
mere  material  agents.  The  progress  of  physical  induction,  on  the  con- 
trary, leads  us  on  to  discoveries,  of  which  the  mere  light  of  history  would 
not  indicate  a  single  trace.  But  the  facts  recorded  in  history  may  some- 
times, without  confounding  the  nature  of  moral  and  physical  truth,  be 
brought  into  a  general  accordance  with  the  known  phenomena  of  nature  : 
and  such  general  accordance  I  affirm  there  is  between  our  historical  tradi- 
tions and  the  phenomena  of  geology.  Both  tell  us,  in  a  language  easily 
understood,  though  written  in  far  different  characters,  that  man  is  a 
recent  sojourner  on  the  surface  of  the  earth.  Again,  though  we  have 
not  yet  found  the  certain  traces  of  any  great  diluvial  catastrophe,  which 
we  can  affirm  to  be  within  the  human  period ;  we  have,  at  least,  shown 
that  paroxysms  of  internal  energy,  accompanied  by  the  elevation  of  moun- 
tain-chains, and  followed  by  mighty  waves  desolating  whole  regions  of 
the  earth,  were  a  part  of  the  mechanism  of  nature.  And  what  has 
happened,  again  and  again,  from  the  most  ancient,  up  to  the  most  modern 
periods  in  the  natural  history  of  the  earth,  may  have  happened  once, 
during  the  few  thousand  years  that  man  has  been  living  on  its  surface. 
We  have,  therefore,  taken  away  all  anterior  incredibility  from  the  fact  of 
a  recent  deluge ;  and  we  have  prepared  the  mind,  doubting  about  the 
truth  of  things  of  which  it  knows  not  either  the  origin  or  the  end,  for 
the  adoption  of  this  fact  on  the  weight  of  historic  testimony*." 

Dr.  Buckland  himself  has,  at  length,  abandoned  the  theory,  which, 
through  him,  obtained  so  much  celebrity.  We  will  give  his  recantation, 
likewise,  in  his  own  words,  taken  from  a  note  on  this  subject  in  his 
Bridgewater  Treatise. 

"  The  evidence  which  I  collected  in  my  Reliquia  Diluviana,  1823, 
shows  that  one  of  the  last  great  physical  events  which  have  affected  the 
surface  of  the  earth,  was  a  violent  inundation,  which  overwhelmed  great 

*  Sedgwick's   "  Anniversary    Address,    1831 ;" — Proceedings  of  the   Geological 
Sodetg,  vol.  i.,  p.  313. 
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part  of  the  Nortliern  Ilemispliere ;  and  that  this  event  was  folloAved  by 
the  sudden  disappearance  of  the  species  of  terrestrial  quadrupeds  which 
had  inhabited  these  regions  in  the  period  immediately  preceding  it.  I 
also  ventured  to  apply  the  name  diluvian  to  the  superficial  beds  of  gravel, 
clay,  and  sand,  which  appear  to  have  been  produced  by  this  great  irrup- 
tion of  water. 

"  The  description  of  the  facts  that  form  the  evidence  presented  in 
this  volume,  is  kept  distinct  from  the  question  of  the  identity  of  the 
event  attested  by  them  with  any  deluge  recorded  in  history.  Discoveries 
which  have  been  made  since  the  publication  of  this  work  show,  that  many 
of  the  animals  therein  described  existed  during  more  than  one  geological 
period,  preceding  the  catastrophe  by  which  they  were  extirpated.  Hence 
it  seems  probable,  that  the  event  in  question  was  the  last  of  the  many 
geological  revolutions  that  have  been  produced  by  violent  irruptions  of 
water,  rather  than  by  the  comparatively  tranquil  inundation  described  in 
the  Inspired  Narrative. 

"  It  has  been  justly  argued  against  the  attempt  to  identify  these 
two  great  historical  and  natural  phenomena,  that,  as  the  rise  of  the 
waters  of  the  Mosaic  deluge  is  represented  to  have  been  gradual,  and  of 
short  duration,  they  would  have  produced  comparatively  little  change  on 
the  surface  of  the  country  overfloAved.  The  large  preponderance  of  ex- 
tinct species  among  the  animals  we  find  in  caves,  and  in  superficial 
deposits  of  diluvium,  and  the  non- discovery  of  human  bones  along  Avith 
them,  afford  other  strong  reasons  for  referring  these  species  to  a  period 
anterior  to  the  creation  of  man.  This  important  point,  however,  cannot 
be  considered  as  completely  settled,  till  more  detailed  investigations  of 
the  newest  members  of  the  Phocene,  and  of  the  diluvial  and  alluvial 
formations  shall  have  taken  place." 

If,  then,  we  be  asked,  are  there  no  traces  upon  the  earth  of  the 
Deluge  of  the  inspired  Avritings  ?  we  can  only  reply,  in  the  words  above 
quoted  from  Professor  Sedgwick,  that  none  have  yet  been  found,  and 
that  perhaps  it  is  not  intended  that  they  ever  should  be  found ;  or  we 
may  adopt  the  argument  respecting  the  Mosaic  Deluge  contained  in  the 
following  extract  from  Mr.  Lyell,  who  considers  that  there  are  not  suffi- 
cient geological  data  for  inferring  that  instantaneous  upheavement  of 
mountain-chains,  and  of  great  waves  arising  therefrom,  which  are  con- 
sidered by  Professor  Sedgwick,  to  have  removed  the  anterior  incredibility 
of  an  historic  deluge. 

"  I  may  observe,"  says  Mr.  Lyell,  "  that  the  reasoning  above  alluded 
to  seems  to  proceed  entirely  on  the  assumption  that  the  Flood  of  Noah  was 
brought  about  by  nahiral  causes ;  just  as  some  writers  have  contended 
that  a  volcanic  eruption  was  the  instrument  employed  to  destroy  Sodom 
and  Gomorrah.  If  we  believe  the  Flood  to  have  been  a  temporary  sus- 
pension of  the  ordinary  laws  of  the  natural  Avorld,  requiring  a  miraculous 
intervention  of  Divine  Power,  then,  it  is  evident  that  the  credibility  of 
such  an  event  cannot  be  enhanced  by  any  series  of  inundations,  however 
analogous,  of  which  the  geologist  may  imagine  that  he  has  discovered  the 
proofs.  For  my  own  part,  I  have  always  considered  the  Flood,  when  its 
universality,  in  the  strictest  sense  of  the  term,  is  insisted  upon,  as  a  pre- 
ternatural event,  far  beyond  the  reach  of  philosophical  inquiry,  whether 
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as  to  the  causes  employed  to  produce  it,  or  the  effects  likely  to  result 
from  it.  At  the  same  time,  it  is  clear,  that  they  who  are  desirous  of 
pointing  out  the  coincidence  of  geological  phenomena  with  the  occurrence 
of  such  a  general  catastrophe,  must  neglect  no  one  of  the  circumstances 
enumerated  in  the  Mosaic  history,  least  of  all,  so  remarkahle  a  fact,  as 
that  the  olive  remained  standing  while  the  waters  were  abating *." 

We  trust  enough  has  now  been  advanced  to  convince  the  most 
timid  that  there  is  nothing  to  be  feared  for  the  cause  of  revealed  Religion 
from  the  investigations  of  geologists,  though  they  ascribe  to  the  earth 
a  higher  antiquity  than  has  been  supposed  to  belong  to  it,  in  consequence, 
as  we  conceive,  of  an  erroneous  interpretation  of  the  first  two  verses  of 
the  Bible;  or,  though  they  declare  that  they  have  not  seen,  on  the 
earth's  surface,  any  traces  of  a  general  deluge.  No  uneasiness  is  now 
felt,  because  the  language  of  Scripture,  with  respect  to  astronomical  phe- 
nomena is  not  in  accordance  with  the  present  state  of  our  knowledge 
respecting  the  universe.  The  explanation  offered,  in  that  case,  by  com- 
mentators on  the  Bible,  is  that  "the  sacred  writers  were  inspired  to 
speak  of  natural  things  with  philosophical  exactness,  but  were  left  to  use 
popular  language,  and  to  discourse  of  them  according  to  their  appear- 
ances t,"  and  the  only  reason  that  any  alarm  is  felt  at  the  wonders 
brought  to  light  by  Geology  is  their  novelty.  When  they  shall  have  had 
the  sanction  of  another  century,  or  even  less,  they  will  not  be  deemed 
more  dangerous  to  religion  than  the  discoveries  of  Newton. 

We  shall  not  now  enter  into  further  discussion  respecting  this  dilu- 
vial gravel,  because  it  is  a  subject  which  will  demand  a  separate  chapter, 
before  we  close  this  series.  The  subject,  moreover,  is  at  present  under- 
going much  investigation,  and  discoveries  are  daily  brought  to  light 
which  pi'omise,  eventually,  to  lead  to  a  solution  of  this  difficult  question; 
which  is  a  question  of  much  interest,  because  this  diluvium  is  the  first 
deposit  we  meet  with  in  the  descending  series,  and  because  its  origin  and 
history  involve  another  important  and  interesting  question,  namely, 
whether  causes  now  in  action,  and  acting  with  no  greater  intensity  than 
at  present,  are  adequate,  if  sufficient  time  be  allowed,  to  have  produced 
all  those  changes  on  the  surface  of  the  earth  which  have  taken  place  in 
past  ages. 

We  shall  now  merely  state  our  dissent  from  the  theory,  which 
attributes  the  dispersion  of  this  gravel  to  a  succession  of  waves,  caused 
by  the  rise  of  mountain-chains,  and  to  that  theory  which  supposes  it  to 
have  accumulated,  during  a  long-protracted  epoch,  at  the  bottom  of  the 
sea,  subsequently  laid  dry,  either  by  the  slow  elevation  of  continents, 
such  as  appears  to  be  now  going  on  in  Scandinavia,  or  by  more  violent 
subterranean  movements,  acting  with  unequal  intensity,  which  others 
have  recourse  to  in  order  to  account  for  the  different  heights  at  which 
this  gravel  occurs.  We  shall,  at  the  same  time,  place  on  record  our 
conviction,  that  some  unknown  cause,  not  now  in  action,  produced  a 
violent  rush  of  the  ocean,  from  the  north,  over  a  great  part  of  the 
northern  hemisphere,  at  a  period  when  the  leading  geographical  features 

'Principles  of  Geology.     4th  Edition,  vol.  iv.,  p.  219. 
•f  Scotfs  Bible.     Note  on  Genesis  i.  16. 
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of  our  present  continents  were  established,  when  the  waters  were 
inhabited  by  the  existing  species  of  Molluscae,  and  when  a  large  portion 
of  the  mammiferous  inhabitants  of  the  land  belonged  to  extinct  species, 
or  to  species  only  inhabiting  the  warm  regions  of  the  earth,  and  which 
disappeared  suddenly  with  this  catastrophe.  But,  while  M'e  contend  that 
by  this  violent  inroad  of  the  sea,  fragments  of  marine  shells,  of  existing 
species,  were  lodged  on  the  surface  of  previously-existing  land  at  the 
greatest  height*  at  which  they  have  hitherto  been  found  in  this  tumul- 
tuous deposit,  we  by  no  means  deny  that  this  inundation  may  have  been 
accompanied  and  succeeded  by  slight  and  local  elevations  of  the  land ; 
so  that  in  one  place,  on  the  coast,  the  diluvium  shall  be  found  resting  on 
an  ancient  beach,  now  seventy  feet  above  the  level  of  the  sea ;  and  in 
another  case,  likewise  on  the  coast,  shall  be  covered  at  about  the  same 
height  by  a  thin  deposit,  containing  maxine  shells,  which  seem  to  have 
lived  and  died  where  they  are  found. 

The  evidence  on  which  these  opinions  are  founded  mil  be  reserved 
for  a  subsequent  part  of  this  series ;  and  there  is  good  reason  to  hope, 
from  the  investigations  now  in  progress,  that  in  the  mean  time,  the 
question  will  be  decided ;  and  that  either  our  views  above  stated  will  be 
confirmed,  or  will  be  proved  to  be  erroneous,  in  which  latter  case  we 
shall  endeavour  to  read  our  recantation  with  the  same  frankness  which 
reflects  so  much  honour  on  the  illustrious  geological  chiefs  whose  decla- 
rations we  have  quoted. 

We  have  now  concluded  the  introductory  part  of  our  work.  If  we 
followed  the  usual  course  pursued  at  the  commencement  of  an  elementary 
treatise  on  geology,  we  should  enter  into  a  history  of  the  rise  and  pro- 
gress of  the  science,  beginning  with  an  account  of  the  cosmological 
opinions  of  the  Egyptian  priests,  of  the  Indian  Brahmins,  and  of  the 
philosophers  of  Greece  and  Rome ;  introducing,  as  a  matter  of  course, 
that  hacknied  quotation  from  Ovid, — so  hacknied,  that  we  do  not 
remember  to  have  opened  any  introduction  to  Geology  in  which  it  did 
not  occur, — 

.     .     .     .  Vidi  factas  ex  sequore  terras 

Et  procul  a  pelago  conchse  jacuere  marinse. 

"We  should  then  proceed  to  show  how,  when  the  Roman  empire  was  over- 
thrown by  barbarians.  Geology — such  as  it  was — took  refuge  in  Arabia ; 
and  how,  on  the  revival  of  learning  in  Europe,  it  first  re-appeared  in 
Italy,  whence  we  should  trace  its  progress  into  Britain,  France,  and 
Germany.  We  shovdd  expose  the  folly,  though  it  passed  for  wisdom  in 
its  day,  of  the  cosmological  dreams  of  Burnet,  Whiston,  and  Bufibn. 
We  should  show  how  Werner  advanced,  and  how  he  retarded,  the  pro- 
gress of  geological  knowledge,  and  should  enter  into  a  history  of  the 
controversies  which  agitated  the  rival  schools  of  Freyberg  and  Edin- 
burgh ;  in  which  the  names  of  Neptune  and  Vulcan,  of  Werner  and 
Hutton,  were  the  watchwords  and  the  rallying  cries, — controversies 
which,  to  the  scandal  of  science,  were  conducted,  not  in  the  calm  spirit 
of  philosophical  inquiry,  but  with  all  the  warmth,  and  intemperance,  and 
bitterness,  of  a  borough  election,  or  a  vestry  squabble.     We  should  then 

*  Moel  Tryfan,  in  Caernarvonshire,  1392  feet. 
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detail  the  labours  and  noble  generalizations  of  Smith  and  Cuvier,  and 
advert  to  that  grand  epoch  in  the  science,  the  formation  of  the  Geological 
Society  of  London ;  when,  wearied  with  the  Neptunian  controversy, 
geologists  were  convinced  that  the  time  was  not  yet  come,  when  they 
could  form  a  true  theory  of  the  earth ;  but  that  they  must  be  contented, 
for  a  long  time,  to  devote  themselves  to  the  observation  of  facts  and  the 
accumulation  of  data  for  future  generalizations ;  and  we  should  then 
point  out  the  mighty  results  which  have  followed  from  a  steady  perse- 
verance in  this  system,  during  thirty  years,  so  that  the  progress  of 
Geology  has,  by  these  means,  been  greater,  during  that  period,  than 
during  the  three  centuries  which  preceded  it.  But  to  commence  a  work 
professing  to  teach  the  elements  of  Geology,  or  of  any  science,  Avith  a 
history  of  its  rise  and  progress,  appears  to  us  inconvenient,  to  say  the 
least  of  it,  because  it  supposes,  in  those  who  are  addressed,  a  certain 
previous  acquaintance  with  the  very  subject  they  require  to  learn.  Our 
object  is  to  guide  our  readers  into  the  plain  and  straight-forward  road  to 
geological  truth,  by  setting  before  them  the  real  discoveries  of  the 
science ;  and,  surely,  that  object  is  not  likely  to  be  advanced  by  first 
leading  them  aside  into  every  by-path  of  error  in  which  they  can  possi- 
bly lose  their  way,  recounting  all  the  absurdities  into  which  men  fell, 
when,  giving  rein  to  the  imagination,  they  constructed  systems  of  cosmo- 
gony upon  the  foundation  of  a  few  ill-observed  facts,  and  often  without 
the  observation  of  any  facts  at  all.  Our  object  is  to  exhibit  the  amount 
of  light  at  present  possessed  by  geologists,  and  it  would  be  but  a  waste 
of  time  to  show  how,  and  how  long,  they  groped  about  in  darkness  before 
they  found  that  light. 

We  agree  Avith  Professor  Phillips  that  "  the  history  of  the  progress 
of  opinions  in  Geology  may  be  useful  as  a  warning  to  men  advanced  in 
geological  inquiries  not  to  reason  upon  assumptions  while  facts  remain 
to  be  explored,  and  to  repress  that  impatience  of  spirit,  which  ever  seeks 
to  anticipate  observation  by  the  efforts  of  invention;  but  that  the 
student  ought,  if  possible,  to  be  kept  in  impartial  ignorance  of  these 
conflicting  hypotheses  which  are  apt  to  fascinate  the  young  and  imaginative 
mind*."  We  shall,  therefore,  defer  for  the  present,  or  wholly  omit,  a 
history  of  the  rise  and  progress  of  Geology;  and  in  our  next  number 
shall  proceed  to  the  consideration  of  the  materials  of  which  the  earth's 
crust  is  composed,  and  of  the  order  in  which  they  are  arranged. 

*  Phillips's  Guide  to  Oeolo^y,  p.  5. 
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THE  GREAT  EARTHQUAKE  IN  CHILE,  in  1835. 
By  Alexander  Caldcleugh,  Esq.,  F.R.S.,  &c. 

The  phenomena  attending  this  great  disturbance  of  the  surface  of  the 
earth  have  been  so  varied,  and  the  extent  of  its  effects  so  considerable, 
that  I  should  almost  deviate  from  my  duty  if  I  did  not  endeavour  to 
draw  up  and  transmit  to  the  Royal  Society  some  account  of  a  convulsion 
which  has  laid  in  ruins  three  provinces,  and  caused  incalculable  damage 
to  the  southern  part  of  this  country.  I  am  the  more  inclined  to  take 
this  step,  from  a  happy  concurrence  of  circumstances  having  drawn 
several  scientific  observers  to  Concepcion  shortly  after  the  catastrophe, 
who  have  obligingly  confided  their  notes  to  me.  I  trust,  therefore,  the 
Royal  Society  will  not  consider  that  I  am  about  to  trespass  upon  its 
time. 

An  idea,  in  some  degree  fanciful,  prevailed  for  some  time  after  the 
conquest  of  these  countries  by  the  Spaniards,  that  these  convulsions  of 
the  earth's  crust  occurred  at  intervals  of  a  century;  afterwards  it  was 
supposed  that  about  fifty  years  was  the  term  which  usually  elapsed  be- 
tween great  shocks;  but,  since  the  commencement  of  this  century,  the 
repeated  catastrophes  v/hich  have  occurred,  especially  in  the  years  1812 
in  Caraccas,  1818  in  Copiapo,  1822  in  the  province  of  Santiago,  1827 
in  Bogota,  1828  in  Lima,  1829  in  Santiago,  and  1832  in  Huasco,  have 
prepared  the  minds  of  the  inliabitants  to  expect  at  all  times  these 
frightful  oscillations  of  the  earth,  which,  although  they  cause  little 
sensation  at  first,  after  some  time  affect  the  nerves  in  a  manner  not 
easy  to  account  for  by  ordinary  causes.  That  they  happen  at  all  times 
and  in  all  states  of  the  atmosphere,  seems  clearly  decided.  The  finest 
Aveather,  and  the  most  variable,  equally  prevail  at  the  moment;  but 
many  are  the  fancied  signs  hy  which  the  coming  earthquakes  are  pre- 
dicted, and  in  the  faith  of  which  the  inhabitants  confide,  as  they  think 
their  experience  bears  them  out.  While  some  place  great  confidence  in 
rats  running  violently  over  the  ceilings  of  the  room,  others  prepare  for 
a  shock  when  they  observe  the  stars  tAvinkling  more  than  usual,  and  all 
fears  are  removed  when  much  lightning  coruscates  in  the  Cordillera.  As 
far  as  my  own  observations  go,  little  reliance  can  be  placed  on  the  two 
former  prognostics;  something  more  certain  seems  to  be  due  to  the 
latter.  A  feAV  hours  previous  to  the  earthquake  which  I  am  about  to 
describe,  immense  flocks  of  sea-birds  proceeded  from  the  coast  towards 
the  Cordillera,  a  circumstance  which  occurred  prior  to  the  great  shock 
of  1822;  and  it  is  affirmed  by  too  many  respectable  persons  not  to  be 
entitled  to  some  degree  of  credit,  that  on  the  morning  of  the  convulsion 
all  the  dogs  disappeared  from  Talcahuano. 

The  summer  in  Chile  had  been  rather  colder  than  in  preceding 
years.  The  mean  of  the  thermometer  in  Santiago  (two  thousand  feet 
above  the  level  of  the  sea)  for  the  months  of  January  and  Febmary  was 
72"^  of  Fahr.  The  mean  df  the  barometer  for  the  same  period  was 
28'25,  which  is  about  one-tenth  of  an  inch  below  its  usual  height. 

From  the  1st  of  February  the  barometer  was  unusually  low  in 
Santiago;  and  on  the  14th,  six  days  prior  to  the  eartliquake,  the  baro- 
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meter,  at  half  past  6  a.m.,  stood  at  28*  1,  the  thermometer  at  the  same 
time  being  73°.  A  slight  oscillation,  which  lasted  twenty  seconds,  was 
felt  on  this  day;  on  the  20th  the  barometer  marked  28'17,  and  the 
thermometer  rose  to  76^ :  the  weather  fine.  In  Concepcion,  in  the 
night  of  the  17th  to  18th  the  barometer  fell  four-tenths  of  an  inch,  but 
gradually  recovered  itself,  and  indicated  nothing  extraordinary  on  the 
morning  of  the  20th.  In  Yaldivia,  according  to  the  observations  most 
obligingly  communicated  to  me  by  Captain  Fitzroy,  of  the  Beagle  Sur- 
veying Ship,  the  barometer  stood  on  the  16th  of  February  at  29'92,  and 
continued  to  rise  gradually  until  the  end  of  the  month,  with  an  increased 
temperature.  From  my  own  observations,  deduced  from  many  oscilla- 
tions, I  have  remarked  that  the  barometer  usually  falls  shortly  before 
any  considerable  shock,  and  then  returns  to  its  ordinary  mean.  On  the 
26th  of  September,  1 829,  a  very  severe  earthquake  was  experienced  in 
this  city,  which  did  much  damage  to  most  buildings;  the  front  of  the 
house  I  then  inhabited  fell  down;  and  it  is  worthy  of  remark,  that  the 
instant  after  every  shock  a  burst  of  rain  fell,  which  soon  moderated, 
until  a  fresh  tremor  caused  it  to  recommence. 

The  igneous  vents  of  the  whole  range  of  the  Cordillera  may  be 
said  to  have  been  in  remarkable  activity  both  preceding  and  at  the  mo- 
ment of  the  late  convulsion.  From  the  flat-topped  volcano  of  Yanteles, 
in  front  of  Chiloe,  to  the  lofty  range  of  the  Andes  in  Central  America, 
all  the  information  which  has  been  obtained  gives  details  of  violent 
eruptions.  On  the  20th  of  January  the  volcano  of  Osorno,  north-east 
of  Chiloe,  burst  forth  with  inconceivable  fury;  and  the  lava  was  seen 
at  night  rushing  out  of  the  crater  and  rolling  down  the  side  of  the 
mountain,  elevated  3900  feet  above  the  level  of  the  sea.  The  reflection 
of  the  flame  reached  double  that  height,  and  is  described  to  me  by  Mr. 
P.  G.  King,  of  the  Beagle,  as  presenting  the  most  magnificent  object  he 
had  ever  beheld.  From  the  plains  of  Talca,  eighty  leagues  to  the  south 
of  the  capital,  two  volcanoes  were  observed  in  activity  a  few  days  after 
the  20th  of  February.  They  are  both  situate  near  the  lake  of  Mondaca, 
twenty-five  leagues  eastward  in  the  Cordillera:  and  another  new  rent 
was  observed  on  the  estate  called  Cerro  Colorado,  on  the  right  bank  of 
the  river  Maule,  and  near  its  source.  The  volcano  of  Petoroa,  and 
another  near  it,  whence  a  stream  of  asphaltum  flows,  and  those  of 
Maypu  and  Aconchagua,  have  also  been  for  some  months  in  a  state  of 
activity. 

In  the  month  of  January  the  volcano  of  Cosegiiina  in  Central 
America  became  exceedingly  active,  and  ejected  a  ■  body  of  lava  which 
covered  a  circumference  of  eight  leagues  three  yards  and  a  half  deep, 
burying  all  the  farm-houses,  sugar-works,  and  cattle :  the  ashes  continued 
falling  for  five  days,  and  reached  upwards  of  three  hundred  leagues  from 
the  centre  of  desolation  and  ruin. 

It  was  at  half  past  eleven  o'clock,  on  the  morning  of  the  20th,  that 
the  earthquake  commenced,  with  an  atmosphere  as  serene  and  beautiful 
as  the  elements  beneath  were  convulsed  and  threatening.  The  first 
oscillation,  gentle,  and  attended  with  little  noise,  was  but  the  precursor 
of  the  two  succeeding  undulations,  which  were  extremely  violent;  the 
duration  from  the  first  to  the  last  vibration  was  about  two  minutes  and 
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a  half,  and  the  direction  appeared  to  he  from  south-west  to  north-east. 
The  sensation  occasioned  hy  the  undulatory  movements,  seemed  to  mo 
to  be  similar  to  that  which  would  be  produced  by  standing  on  a  plank, 
the  ends  of  which  rose  and  fell  two  feet  from  the  ground.  The  small 
streams  of  water  which  run  down  the  streets,  were  checked  and  thrown 
over  the  edges  of  their  channels.  In  Talca,  eighty  leagues  to  the  south, 
the  effects  were  still  more  violent:  the  oscillation  commenced  without 
being  accompanied  by  that  rumbling  noise  which  usually  is  the  forerunner 
of  these  awful  phenomena.  In  Concepcion,  where  the  great  violence 
of  the  earthquake  was  felt,  it  was  the  second  undulation  which  caused 
the  havoc  in  the  buildings ;  and  previous  to  that  and  the  many  succeeding 
shocks,  a  violent  report  was  heard,  proceeding  from  the  southward,  as 
from  a  volcano  in  that  direction.  All  the  houses  in  the  port  of  Talca- 
huano,  which  were  situate  on  the  low  lands  beneath  the  hills,  were  laid 
prostrate;  and  about  half  an  hour  after  the  vibration,  when  the  inhabit- 
ants were  returning  to  their  houses  from  the  heights  and  open  spaces,  it 
was  remarked  that  the  sea  had  retired  so  much  beyond  its  usual  limits 
that  all  the  rocks  and  shoals  in  the  bay  were  visible.  It  flowed  again, 
and  again  retired,  leaving  the  ships  dry  which  were  at  anchor  in  the 
harbour.  Then  an  enormous  wave  was  seen  slowly  approaching  the 
devoted  town,  from  the  direction  of  the  Boca  Chica.  For  ten  minutes 
it  rolled  majestically  on,  giving  time  to  the  inhabitants  to  run  to  the 
heights,  whence  they  saw  the  whole  place  swallowed  up  by  this  immense 
breaker. 

In  this  moment  of  terror,  men  saw  the  roller  with  little  accordance 
as  to  size;  some  compared  it  to  the  height  of  the  loftiest  ship,  others  to 
the  height  of  the  island  of  Quiriquina.  It  carried  all  before  it,  and  rose 
by  accurate  measurement  twenty-eight  feet  above  high-water  mark.  A 
small  schooner  of  eighty  tons,  nearly  ready  for  launching,  was  lifted  over 
the  remains  of  the  walls,  and  found  lying  among  the  ruins  three  hundred 
yards  from  her  stocks.  The  reflux  of  this  roller  carried  everything  to 
the  ocean.  Another  and  a  larger  wave  succeeded ;  but  taking  a  more 
easterly  direction,  the  ruins  of  Talcahuano  escaped,  but  the  Isla  del  Rey 
was  ravaged  by  it.  A  fourth  and  last  roller,  of  small  dimensions, 
advanced,  but  nothing  was  left  for  further  devastation.  While  these 
great  waves  were  rushing  on,  two  eruptions  of  dense  smoke  were  ob- 
served to  issue  from  the  sea.  One,  in  shape  like  a  lofty  tower,  occurred 
in  the  ofiing;  the  other  took  place  in  the  small  bay  of  San  Vicente,  and 
after  it  had  disappeared,  a  whirlpool  succeeded,  hollow,  in  shape  like  an 
inverted  cone,  as  if  the  sea  were  pouring  into  a  cavity  of  the  earth.  In 
every  direction  in  this  bay,  as  well  as  in  Talcahuano,  vast  bubbles  broke, 
as  if  an  immense  evolution  of  gas  were  taking  place,  turning  the  colour 
of  thfe  water  black,  and  exhaling  a  fetid  sulphureous  odour. 

At  San  Tome,  on  the  other  side  of  the  bay,  the  roller  did  immense 
damage;  and  on  the  island  of  Quiriquina  the  cattle  dashed  off  the  cliffs 
from  panic.  In  this  island  the  waves  injured  houses  forty  feet  above  the 
present  level  of  high  water,  and  during  the  three  following  days  the 
sea  ebbed  and  flowed  irregularly. 

In  the  bay  of  Concepcion,  the  strata  of  clay-slate  have  been  visibly 
elevated,  from  about  three  to  four  feet.     This  alteration  of  the  relative 
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position  of  sea  and  land  is  clearly  distinguishable,  by  a  rock  off  the 
landing-place,  which  previous  to  the  shock  was  nearly  level  with  high 
water,  being  subsequently  found  to  be  raised  three  feet  higher;  and  the 
buoy  on  the  Belen  Bank  has  now  four  feet  less  water  than  formerly. 
A  vessel  lying  at  anchor  had  one  fathom  less  water  alongside  her  than 
before  the  shock ;  but  it  is  very  likely  that  she  changed  her  position. 
At  the  port  of  San  Vicente,  a  little  to  the  south  of  Talcahuano,  the. 
land  has  also, risen  about  a  foot  and  a  half;  and  along  the  shore  of  the 
latter  bay,  even  at  high  water,  beds  of  dead  muscles  were  left  as  proofs 
of  the  upheaval  of  the  strata. 

To  the  southward  of  the  entrance  of  the  bay  of  Concepcion  there 
is  a  small  island  called  Santa  Maria,  about  seven  miles  long  and  two 
wide.  Captain  Fitzroy  examined  with  great  care  the  line  of  beach  in 
the  southern  cove,  as  well  as  the  northern  part  of  the  island;  and  from 
the  visible  evidence  of  beds  of  dead  shell-fish,  from  soundings,  and  from 
unbiassed  oral  testimony,  it  appears  placed  beyond  the  shadow  of  doubt, 
that  on  the  latter  side  the  elevation  of  the  land  has  not  been  less  than 
ten  feet,  in  the  centre  of  the  island  about  nine,  and  in  the  southern  cove 
about  eight  feet.  This  upheaving  has  almost  destroyed  the  southern 
port  of  the  island,  for  it  now  affords  but  little  shelter  to  vessels,  and  the 
landing  is  bad.  Everywhere  around  the  island  the  soundings  have  been 
diminished  a  fathom  and  a  half,  and  the  cliffs,  of  the  height  of  150  or 
200  feet,  are  split  and  rent  in  all  directions,  and  huge  masses  precipitated 
below.  Both  Captain  Fitzroy  and  Captain  Simpson,  of  the  Chilian 
Navy,  are  of  opinion  that  the  uprising  of  the  strata,  both  in  this  island 
and  in  Concepcion,  at  the  time  of  the  earthquake,  was  considerably 
greater,  and  that  the  many  subsequent  minor  oscillations  may  have 
caused  a  subsidence  to  the  level  before  recorded.  At  Subul,  a  little  to 
the  south-east  of  Santa  Maria,  the  elevation  of  the  strata  appears  to 
have  been  about  six  feet. 

At  Nuevo  Bilbao,  the  port  of  the  river  Maule,  seventy  leagues 
north  of  Concepcion,  about  an  hour  and  a  half  after  the  shock,  the  sea 
flowed  above  the  usual  water  mark,  and  continued  for  half  an  hour  in 
that  state  before  a  reflux  took  place.  Fifty  minutes  afterwards,  the  sea, 
greatly  agitated,  rolled  on  the  coast  and  up  the  river  with  extraordinary 
violence,  and  reached  a  height  of  twelve  feet  above  the  water  mark. 
By  this  last  inroad,  two  schooners,  anchored  in  the  port,  carried  away 
their  cables,  and  were  found  among  the  bushes  one  hundred  and  fifty 
yards  from  the  beach. 

A  third  rush  of  the  sea  occurred  half  an  hour  afterwards,  which 
ascended  to  a  height  of  nine  feet ;  and  for  the  space  of  forty-eight  hours 
repeated  rollers  came  forward,  but  with  diminished  ^dolence.  No 
elevation  of  the  coast  has  been  discovered  at  this  port,  but  on  the  bar  at 
the  mouth  of  the  river,  which  has  always  rendered  the  entrance  to  the 
port  both  difiicult  and  dangerous,  two  feet  more  water  has  been  remarked; 
and  in  consequence  of  the  fall  of  an  immense  point  of  a  mountain  into 
the  sea,  it  is  hoped  that,  owing  to  the  new  direction  given  to  the  current, 
no  further  accumulation  of  sand  will  take  place. 

In  Valparaiso,  the  sea  was  observed  to  advance  and  recede  rapidly, 
but  gently  and  without  violence. 
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It  would  be  of  little  avail  to  distress  the  Society  with  the  details  of 
the  ruin  caused  in  all  the  southern  provinces  of  Chile  by  this  convulsion. 
To  the  southward  of  Talca  scarcely  a  wall  has  been  left  standing,  and 
even  to  the  north  of  this  line  the  damage  caused  to  every  description  of 
building  has  been  most  serious.  Throughout  the  provinces  of  Canqueues 
and  Concepcion,  the  entire  crust  of  the  earth  has  been  rent  and  shattered 
in  every  direction.  In  some  places,  fissures  of  several  feet  in  depth  and 
width  have  been  discovered,  intersecting  the  country  for  considerable 
distances.  On  one  estate  near  Chilian,  thirty  leagues  from  the  coast, 
extensive  fissures  have  been  the  vents  of  muddy  eruptions  of  salt  water, 
Avhich  have  made  large  deposits  of  a  kind  of  gray  pulverulent  tufa )  and 
on  the  same  estate  a  great  many  circular  pools  were  discovered  of  salt 
water,  and  many  new  thermal  springs  have  burst  forth.  In  many  places 
the  ground  swelled  like  a  large  bubble,  and  then  bursting,  poured  forth 
black  and  extraordinary  fetid  water. 

The  limits  to  which  the  oscillations  extended  were,  to  the  north  as 
far  as  Coquimbo,  and  to  Mendoza  on  the  eastern  ridge  of  the  great 
chain  of  the  Andes.  Vessels  navigating  the  Pacific  within  a  hundred 
miles  of  the  coast,  experienced  the  shock  with  considerable  force.  The 
bark  Glenmalia,  bound  to  Valparaiso,  when  ninety-five  miles  from  the 
coast,  and  in  front  of  the  Maule,  had  her  course  through  the  water 
suddenly  checked,  and  her  rate  of  sailing  altered  from  seven  knots  to 
one,  and  the  master  conceived  the  vessel  was  dragging  over  a  sand- 
bank. The  sea  was  strongly  agitated,  and  appeared  to  lift  the  vessel 
twenty  feet.  Such  was  the  alarm  that  the  boats  were  nearly  lowered  : 
no  soundings  were  met  Avith. 

The  Island  of  Juan  Fernandez,  a  mass  of  basalt  three  hundred  and 
sixty  miles  from  the  coast,  experienced  the  earthquake,  but  with  less 
violence ;  the  sea  rose  to  the  height  of  the  Mole  in  a  similar  manner  to 
that  of  Concepcion,  and  then  receded,  leaving  the  bottom  of  Cumberland 
Bay  dry  to  some  distance  from  the  shore,  and  in  the  second  rush  rose 
fifteen  feet  above  the  usual  level,  carrying  all  before  it.  At  the  same 
time  the  Governor,  Major  Sutclilfe,  observed  a  dense  column  of  smoke 
issuing  from  the  sea  about  a  mile  off  the  Point  Bacalao,  which  lasted 
until  2  o'clock  in  the  morning,  when  an  immense  explosion  took  place, 
which  threw  the  water  in  every  direction ;  during  the  rest  of  the  night 
great  bursts  of  flame  rising  from  the  same  spot  illuminated  the  whole 
island.  Captain  Simpson,  about  a  month  after,  sounded  near  the  spot  in 
every  direction,  and  found  no  bottom  in  less  than  sixty-nine  fathoms. 
It  is  worthy  of  remark,  that  when  on  the  24th  of  IMay,  1751,  the  city  of 
Concepcion  was  destroyed  by  an  earthquake,  and  by  the  inroad  of  the 
sea,  the  rising  colony  of  Juan  Fernandez  was  swallowed  up  in  a  similar 
manner  by  immense  rollers :  the  Governor,  his  familj^,  and  thirty-five 
persons  perished  by  the  catastrophe. 

After  the  earthquake  the  usual  atmospheric  changes  occurred.  In 
many  places  the  most  aA\'ful  hurricanes  completed  the  dismay  of  the 
inhabitants,  and  added  to  the  catastrophe.  To  these  succeeded  deluges 
of  rain,  a  circumstance  most  unusual  at  that  period  of  the  year.  At  the 
Hot  Springs  of  Canqueues,  where  the  water  issues  at  the  temperature  of 
118°  of  Fahr.,  the  heat  was  lowered  after  the  earthquake  to  92°,  a  cir- 
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cumstance  which  occurred  after  the  shock  of  1822.  The  diminished 
temperature  lasted  but  a  short  time. 

At  the  risk  of  being  tedious,  I  have  given  a  detail  to  the  Society  of 
the  changes  effected  in  the  earth's  surface  by  this  violent  convulsion. 
After  examining  the  extensive  area  of  its  vibration,  after  observing  the 
uprising  of  an  island  and  the  adjacent  coast,  together  with  the  eruption 
of  a  submarine  volcano,  it  is  difficult  to  deny  that  the  same  causes  are 
still  in  operation  which  ages  since  raised  tertiary  formations  to  their 
present  lofty  site  in  the  great  range  of  the  Cordillera.  Surrounded  with 
these  continued  changes  on  the  surface  of  the  earth,  it  is  impossible  not 
to  respect  the  opinions  of  those  philosophers  who  conceive  that  the 
Continent  of  America  has  risen  into  existence  at  a  more  modern  period 
than  that  which  therefore  may,  Avith  more  propriety,  be  termed  the  Old 
World. 

Owing  to  the  early  hour  on  the  20th  that  the  oscillation  commenced, 
comparatively  few  lives  were  lost,  but  the  frequent  occurrence  of  these 
catastrophes,  by  causing  organic  defects,  may  very  probably  explain  the 
causes  of  the  short  duration  of  human  existence  in  these  coimtries. 

[From  the  Philosophical  Transactions,  for  1836.] 
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ON  THE  WESTERN  COAST  OP  CENTRAL  AMERICA. 

By   Alexander    Caldcletjgh,    Esq.,  F.R.S.,  &c. 

There  is,  perhaps,  no  country  on  the  face  of  the  globe  which  shows  more 
signs  of  vast  geological  disturbances  than  that  part  of  the  western  hemi- 
sphere which,  situate  between  its  great  northern  and  southern  divisions, 
has  obtained,  in  more  modern  times,  the  name  of  Central  America.  Its 
shores,  extending  to  both  oceans,  are  in  spots  precipitous,  while  other 
and  extended  lines  of  coast  are  low,  and  abound  in  mangrove  creeks, 
intersected  by  mountains  and  volcanic  vents,  and  excavated  by  a  series 
of  lakes,  which,  in  the  province  of  Nicaragua  interrupt  and  appear  to 
replace  the  great  chain  of  the  Andes.  The  finely  comminuted  scoria 
affords  a  soil  which  produces  the  richest  vegetation,  and  a  vast  and  new 
field  is  offered  to  the  man  of  science  who  will  boldly  face  the  miasma  of 
the  forest,  or  penetrate  the  rich  mines  with  which  one  part  of  the  country 
abounds. 

At  the  termination  of  a  narrow  promontory,  which  runs  in  a 
northerly  direction  from  the  southern  and  eastern  side  of  the  Bay  of 
Fonseca,  stands  the  volcanic  mountain  of  Cosegiiina,  washed  on  three 
sides  by  the  ocean,  of  insignificant  height,  and  flat-topped;  two  eruptions 
are  on  record,  namely,  those  of  the  years  1709  and  1809.  Since  this  last 
date  it  has  remained  in  a  state  of  quiescence,  mitil  the  period  of  that 
stupendous  eruption  on  the  20th  January  183.">,  the  details  of  which  I 
now  beg  permission  to  lay  before  the  Royal  Society.     These  details  I 
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ave  drawn  up  partly  from  official  documents  transmitted  from  the 
various  towns  to  the  Government  of  Centro-America,  and  partly  from 
the  information  of  intelligent  friends,  eye-witnesses  of  all  that  occurred 
in  those  days  of  terror.  The  reports  to  the  Government,  which  are 
voluminous,  fully  agree  on  the  main  points :  in  others,  probably  owing  to 
the  changes  of  locality,  and  consequent  variation  in  the  direction  of  the 
wind,  some  slight  differences  are  observable.  It  is,  however,  impossible 
to  read  these  official  reports,  written  too  by  persons  little  versed  in 
classical  learning,  without  being  struck  with  the  similarity  of  their 
description,  even  to  the  very  terms  he  used,  Avith  that  of  the  younger 
Pliny  in  relating  to  Tacitus  the  commencement  of  that  eruption  of 
Vesuvius  which,  nineteen  centuries  since,  buried  two  cities  under  its 
ashes. 

On  the  19th  of  January,  after  twenty-six  years  of  repose,  a  slight 
noise  attended  with  smoke  proceeded  from  the  Mountain  of  Cosegiiina. 
On  the  following  morning,  about  half-past  six  o'clock,  a  cloud  of  very 
unusual  size  and  shape  was  observed  by  the  inhabitants  of  the  neigh- 
bouring places  to  rise  in  the  direction  of  this  volcano.  When  viewed 
from  San  Antonio,  about  sixteen  leagues  to  the  southward,  it  took  the 
appearance  of  an  immense  plume  of  the  whitest  feathers,  rising  with 
considerable  velocity,  and  expanding  in  every  direction.  Its  colour,  at 
first  of  the  most  brilliant  white,  became  tinged  with  grey,  then  passed 
into  yellow,  and  finally  became  of  a  crimson  hue.  Columns  of  fire  shot 
up  directly  through  what  was  still  imagined  to  be  but  a  nebulous  exha- 
lation of  extraordinary  appearance;  a  severe  shock  of  an  earthquake 
was  then  felt.  During  the  whole  of  the  20th,  the  cloud  preserved  its 
appearance,  although  unattended  by  that  magnificence  which  at  first 
predominated. 

At  three  p.m.  on  the  21st,  two  severe  shocks  were  felt  at  San 
Antonio  and  Realejo,  and  at  midnight  five  others  were  experienced;  the 
two  first  undulations  were  not  severe,  but  the  third  and  the  last  were 
terrific. 

On  the  morning  of  the  22nd  the  sun  shone  brightly  at  San  Antonip, 
but  a  line  of  intense  darkness  was  observed  in  the  direction  of  the  cloud 
which  had  excited  so  much  attention  two  days  before.  At  the  same 
time,  a  fine  white  ash  was  observed  to  fall  around,  the  black  line  rose 
rapidly,  the  light  began  to  fail,  and  darkness  commenced  with  such  quick- 
ness, that  in  half  an  hour  it  was  more  utterly  dark  than  during  the  most 
clouded  night.  So  intense  was  this  darkness  that  men  could  touch  with- 
out seeing  each  other,  the  cattle  came  in  from  the  country  showing  all  the 
signs  of  alarm  and  uneasiness,  and  the  fowls  went  to  roost  as  on  the 
approach  of  night.  This  state  of  complete  darkness  prevailed  until  the 
following  day,  when  at  twelve  o'clock  it  became  a  little  brighter,  and 
objects  became  visible  at  ten  or  twelve  yards'  distance.  This  atmospheric 
darkness  prevailed  two  days  longer,  during  all  of  which  time  a  fine  white . 
impalpable  dust  continued  to  fall.  This  deposit  covered  the  ground  at 
San  Antonio  about  two  inches  and  a  half,  in  three  layers  of  difierent 
colours,  the  loAver  stratum  being  of  a  darker  hue,  the  next  of  a  grayish, 
and  the  upper  of  a  whitish  appearance.  For  ten  or  twelve  days  a  murky 
light  continued  to  prevail. 
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At  Nacaonie,  a  city  in  a  northerly  direction,  eight  leagues  distant 
from  the  volcano,  the  same  cloud  was  observed  to  rise  at  half-past 
six  o'clock  in  a  pyramidal  shape.  At  half-past  eleven  on  that  day  the 
darkness  commenced,  and  at  twelve  nothing  whatever  could  be  distin- 
guished; shortly  before  this,  a  kind  of  ash  had  begun  to  fall,  and  at  five 
o'clock  had  covered  the  earth  to  the  depth  of  three  inches.  At  six 
o'clock  it  fell  in  diminished  quantity,  and  respiration  became  relieved. 
During  the  following  night  various  undulations  of  diflFerent  degrees  of 
intensity  were  experienced,  preceded  either  by  heavy  rumbling  noises,  or 
loud  explosions.  On  the  21st  at  Nacaome  the  morning  broke  clear, 
but  at  eight  o'clock  the  atmosphere  became  again  thick  and  hazy,  and 
during  the  twenty-four  hours  following,  the  volcanic  matter  continued  to 
fall,  attended  Avith  repeated  noises  and  undulations  of  the  earth.  The 
darkness  continued  to  prevail  during  the  22nd,  and  the  depth  of  the 
ashes  was  from  four  to  five  inches;  a  fetid  sulphurous  smell  proceeded 
from  this  deposit,  which  the  slightest  breath  of  air  drove  into  every 
interstice.  At  midnight  violent  explosions  were  heard,  and,  a  quarter 
of  an  hour  after,  a  severe  shock  was  experienced,  the  forerunner  of  new 
eruptions.  At  5  o'clock  on  the  morning  of  the  23rd  it  was  sufficiently 
light  to  observe  that  a  fresh  eruption  had  taken  place  from  Consegiiina, 
and  at  8  o'clock  the  darkness  had  returned  as  on  the  20th,  At  9  o'clock 
the  obscurity  was  complete,  and  new  awful  echoes  of  vast  discharges  of 
volcanic  matter,  attended  with  flashes  of  lightning  in  all  directions,  con- 
vinced the  panic-stricken  inhabitants  that  the  day  of  Judgment  had 
arrived. 

No  pen,  says  the  Governor,  is  capable  of  describing  the  scene  of 
dismay  which  prevailed.  On  the  24th  the  atmosphere  became  clearer. 
The  houses  were  covered  to  the  depth  of  eight  inches  with  the  ashes 
which  had  fallen,  and  many  small  birds  and  animals  were  found  suffi)- 
cated  in  them.  Deer  and  other  wild  animals  sought  the  town  for  pro- 
tection, and  the  banks  of  the  neighbouring  streams  were  strewed  with 
dead  fish. 

It  would  be  but  useless  to  tire  the  Society  by  giving  extracts  of  all 
the  reports  made  from  different  places  within  the  sphere  of  the  eruption. 
I  shall  confine  myself  to  stating  that  at  Macuelizo,  in  Segovia,  the 
colour  of  the  sand  which  fell  was  black;  and  on  the  Hacienda  of 
Gosegiiina,  belonging  to  Don  Bernardo  Benevio,  eight  leagues  to  the 
southward  of  the  crater,  the  ashes  covered  the  ground  to  the  depth  of 
three  yards  and  a  half,  destroying  the  fine  woods  and  dwellings. 

It  also  avails  little  to  mention  the  great  mortality  which  prevailed 
among  the  cattle.  Thousands  perished,  and  those  which  after  the  erup- 
tion reached  the  abodes  of  men,  presented  sad  spectacles ;  their  bodies 
in  many  instances  being  one  mass  of  scorched  flesh. 

Within  the  bay  of  Fonseca,  and  two  miles  from  the  volcano,  it  is 
stated  that  two  islands  have  been  thrown  up,  of  from  200  to  300  yards 
in  length,  their  surface,  but  a  few  yards  above  the  sea,  presenting,  it  is 
said,  a  mass  of  scoria  and  ashes ;  their  elevation  has  probably  been 
caused  by  the  heavy  fall  of  scoriaceous  matter  on  shoals  previously 
existing  in  those  places.  However  probable,  the  evidence  is  not  conclu- 
sive, although  the  fact  of  the  beach  on  the  eastern  or  inner  side  of  the 
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promontory  being  extended  by  the  ashes  about  800  feet  further  out, 
gives  additional  reason  to  credit  the  statement. 

On  the  3rd  of  March,  nearly  two  months  after  this  great  eruption, 
the  volcano  remained  in  a  state  of  activity,  but  not  ejecting  ashes.  By 
some  geologists  it  has  been  considered  that  heavy  eruptions  of  fine 
scoriaceous  matter  tend,  by  their  falling  again  into  the  crater,  to  restore 
the  volcano  to  a  quiescent  state,  and  that  therefore  this  phenomenon 
more  usually  attends  the  conclusion  of  an  explosion.  In  this  particular 
instance  it  appears  that  the  first  effect  of  the  explosion  was  to  blow  out 
of  the  crater,  and  finally  triturate,  the  scoria  and  ashes  left  there  twenty- 
six  years  before. 

In  the  districts  of  Segovia,  Comagagua,  Choluteca,  Nacaome,  and 
Tegusigalpa,  immense  deluges  of  rain  followed  these  clouds  of  ashes, 
and  again  gave  rise  to  a  fetid,  disagreeable  odour.  At  this  season  such 
an  occurrence  was  extraordinary,  and  almost  unprecedented  in  Central 
America. 

I  shall  conclude  by  stating  that  the  ashes  reached  as  far  as  Cliiapa 
to  the  north,  upwards  of  400  leagues  to  windward  of  the  volcano :  thus 
proving  the  existence  of  a  counter-current  of  wind  in  the  higher  regions 
of  the  atmosphere.  At  St.  Anne's,  Jamaica,  on  the  24th  and  25th  of 
January,  the  sun  was  obscured,  and  not  only  there,  but  over  the  whole 
island,  showers  of  fine  ashes  were  observed  to  fall.  The  distance  in  a 
direct  line  north-easterly  is  about  700  miles ;  consequently  the  ashes 
must  have  travelled  at  the  rate  of  about  170  miles  per  diem. 

Captain  Eden,  of  His  Majesty's  ship  Conway,  informs  me,  that  in 
lat.  7°  26'  north,  and  long.  104°  45'  west,  when  900  miles  from  the 
nearest  land,  and  1100  from  the  volcano,  he  ran  forty  miles  through 
floating  pumice,  some  of  Avhich  was  in  pieces  of  considerable  size. 

The  latitude  of  Qosegiiina  is  1 3°  north,  and  longitude  87°  3'  west. 
Its  height  above  the  sea  is  computed  at  500  feet. 

No  volcanic  eruption  in  modern  times  has  been  recorded  that 
reached  the  frightful  extent  of  the  one  of  which  I  have  now  had  the 
honour  of  laying  an  account  before  the  Royal  Society.  The  explosion  of 
Tomboro,  in  Sumbaya,  in  1815,  described  in  the  Memoirs  of  the  late 
lamented^  Sir  Thomas  Stamford  Raffles,  more  nearly  approaches  it  than 
any  other  with  which  I  am  acquainted. 

[From  the  Philosophical  Transactions,  for  1386.] 
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A  POPULAR  COURSE  OF  CHEMISTRY. 
VI. 

Gases. Chlorine. 

Having  fully  discussed  the  nature  and  properties  of  oxygen^  and  many 
of  the  manipulations  in  pneumatic  chemistry;  the  way  is  in  e  great 
measure  prepared,  for  the  consideration  of  other  gases,  and  amongst  them 
the  next  that  I  shall  mention  is  chlorine.  It  is  a  very  singular  elementary 
body,  as  ■wdll  presently  appear;  and  although  I  call  it  a  gas,  in  accordance 
with  the  common  parlance  of  the  laboratory,  yet,  strictly  speaking,  it  does 
not  merit  that  title,  and  should  rather  be  styled  a  vapour. 

Now  oxygen,  as  far  as  our  present  knowledge,  goes,  is  a  gas;  cool 
it  to  the  lowest  possible  degree  by  the  most  powerful  frigorific  processes, 
or  submit  it  to  the  most  intense  mechanical  pressure  knoAvn,  it  undergoes 
no  change  save  that  of  bulk;  it  does  not  become  either  solid  or  fluid,  but 
remains  permanently  gaseous  at  all  temperatures  and  pressures.  Not  so 
does  chloritie,  under  similar  treatment;  for,  if  a  little  aqueous  vapour 
be  present  in  it,  when  cooled  down  to  32°  of  Fahrenheit's  scale,  it  becomes 
a  white  crystallifie  solid,  or  if  perfectly  dry,  and  submitted  to  pressure,  it 
becomes  a  bright  yellow  liquid;  it  is,  therefore,  far  from  being  perma- 
nently gaseous,  and  is,  in  fact,  a  tnie  vapour. 

The  temperature  of  this  climate  is  rarely  so  low  as  to  alter  the 
vaporous  form  of  chlorine,  and,  therefore,  it  may  be  operated  upon  in  a 
way  somewhat  analogous  to  that  already  described  for  oxygen. 

Having  premised  thus  much  regarding  the  nature  of  chlorine,  I  have 
now  to  point  out  to  you  the  method  of  extricating  it  from  its  combina- 
tions, the  means  of  collecting  it,  and,  lastly,  some  of  its  most  remarkable 
properties. 

The  pneumatic  trough  must  be  filled  to  its  proper  level  with  hot 
water,  at  such  a  temperature  that  the  hand  can  just  be  borne  in  it  without 
inconvenience,  and  the  bottles,  or  jars,  destined  to  receive  the  chloritie, 
must  Ukewise  be  filled  with  similar  hot  Avater.  The  glass  stoppers  must 
be  greased,  as  already  directed.  A  tubulated  glass  retort,  holding  about 
a  wine-pint,  and  having  a  long  neck,  is  now  to  be  about  half  filled  with 
black  oxide  of  numganese ;  arrange  it  so  that  the  beak  or  end  of  the 
neck  just  dips  beneath  the  water  at  the  hole  in  the  shelf  of  the  pneumatic 
trough;  this  is  easily  done  if  the  retort  is  placed  upon  that  very  useful 
contrivance,  called  a  retort-stand,  the  sliding-rings  of  Avhich  admit  of 
ready  adjustment,  to  a  great  many  lengths  and  heights. 

The  proper  adjustment  having  been  made,  and  everything  so  arranged 
that  the  retort  can  be  removed,  and  replaced  without  loss  of  time;  remove 
it,  and  place  a  small  glass  or  earthen  funnel  in  the  tubulure,  and  then 
quickly,  but  carefully,  pour  in  as  much  strong  muriatic  acid  as  vAW 
moisten  the  manganese  into  a  thin  paste.  Do  not  pour  in  the  acid  all  at 
once,  but  a  little  at  a  time,  and  shake  the  retort  round  and  round,  so  that 
all  the  manganese  may  be  duly  moistened;  if  you  pour  all  the  acid  on 
suddenly,  the  chances  are  that  it  will  be  absorbed  by  the  upper  parts  of 
the  manganese,  whilst  the  lower  remain  perfectly  dry,  and  this  would 
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almost  invariably  cause  the  fracture  of  the  retort,  if  heat  was  applied,  and 
perhaps,  before  the  operation  of  generating  chlorine  is  finished,  it  will  be 
necessary  to  apply  a  little  heat :  but  of  this  presently. 

Let  us  suppose  the  acid  now  properly  mixed  with  the  manganese, 
withdraw  the  funnel  quickly,  insert  the  stopper  of  the  tubulure,  place  the 
retort  on  the  retort-stand,  a  bottle  over  the  hole  on  the  shelf  of  the  trough, 
and  thus  far  we  are  successful.     Let  us  proceed  further. 

Bubbles  of  some  aeriform  or  gaseous  matter,  are  now  I'ising  through 
the  water  into  the  bottle — a  sort  of  fermentation  or  effervescence  is  taking 
place  between  the  materials  in  the  retort;  and  now  its  arch  and  neck 
appear  of  a  bright  yellow  colour,  this  same  tint  is  communicated  to  the 
bubbles  rising  in  the  bottle.  Chlorine  is  now  evolving,  and  it  is  a  yellow 
gas. 

The  first  bubbles  that  came  over  were  not  yellorv,  because  they  were 
not  bubbles  of  chlorine,  but  only  those  of  common  air,  that  the  retort  con- 
tained; the  chlorine  generating  behind,  forced  this  forward. 

When  you  judge  that  as  much  aeriform  matter  has  passed  into  the 
bottle,  as  is  equal  to  the  capacity  of  the  retort,  the  bottle  must  be  slid 
gently  on  one  side,  and  its  place  supplied  by  another,  and  now  you  see 
the  yellow  colour  of  pure  chlorine.  Remember  always  to  make  your 
transfer  of  bottles  quickly,  steadily,  and  cautiously,  and  to  suffer  as  few 
bubbles  as  possible  to  escape  into  the  room,  for  chlori?ie  is  a  highly 
noxious  and  suffocating  body,  eminently  hurtful  to  the  lungs,  even  when 
very  largely  mixed  with  air :  it  is  much  the  best  to  perform  the  operation 
in  the  open  air,  or  under  a  shed,  so  that  if  any  accidental  escape  of  the 
gas  takes  place,  the  wind  may  waft  it  away  before  it  affects  the  lungs. 

Perhaps,  in  spite  of  all  yovir  precautions,  a  puff  of  the  gas  may 
escape,  and  annoy  you,  producing  coughing,  and  a  most  disagreeable,  yet 
indescribable,  sensation  in  the  throat,  which  is  particularly  distressing; 
to  alleviate  this,  I  recommend  a  lump  of  sugar  soaked  in  weak  spirits  of 
wine,  with  a  few  drops  of  sal  volatile,  to  be  held  in  the  mouth  until  it 
dissolves. 

You  have  noAv  to  dispose  of  the  impure  air  and  chlorine  in  thejirst 
bottle:  stop  it  under  water,  take  it  to  some  distance  from  where  you  are 
at  work,  and  then  removing  the  stopper,  let  its  contents  escape:  attend 
now  to  the  second  bottle,  which  is  rapidly  filling  with  pure  chlori?ie; 
when  full,  and  no  water  remaining  in  it,  stopper  and  remove  it,  place 
on  another,  always  full  of  hot  water,  remember,  and  if  that  in  the  trough 
cools,  more  hot  water  must  be  added,  so  as  to  keep  up  the  temperature 
at  which  you  set  out. 

The  reason  why  hot  water  is  necessary  in  this  process  is,  because 
chlorine  is  absorbed  or  dissolved  by  cold  water,  and  if  you  used  it,  you 
would  scarcely  get  a  solitary  bubble  to  rise,  at  all  events  not  to  remain  in 
the  bottle,  but  the  water  would  become  a  strong  solution  of  chlorine:  this 
I  shall  speak  of  presently. 

Now  although,  perhaps,  chlorine  has  hitherto  been  evolving  quietly, 
yet  it  very  often  happens  that  the  materials  in  the  retort  foam  up,  and 
boil  over, — or  effervesce  over  is  perhaps  a  more  correct  expression, — the 
neck  of  the  retort  becomes  filled  with  a  black  foamy  mass  of  the  mixture, 
it  runs  into  the  trough,  and  soils  all  the  water.  This  is  very  annoying, 
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but  tliere  is  no  help  for  it;  if  it  once  happens,  you  had  better  stop  work 
and  begin  again,  the  expense  is  barely  worth  mention — a  sifigle  for  thing! 
The  larger  the  retort,  the  less  likely  is  this  to  happen,  because  the  mate- 
rials have  ample  room  to  swell  and  foam  in  its  body,  without  rising  into 
the  neck.  A  little  practice  will  soon  enable  you  to  apportion  all  matters 
rightly. 

Supposing  the  accident  does  not  take  place,  the  eyolution  of  chlorine 
becomes  sluggish  after  a  time,  and  then  you  may  excite  it  by  the  gentle 
heat  of  a  spirit-lamp;  but  if,  after  continuing  this  heat  for  some  time,  you 
find  a  bubble  or  two,  very  suddenly  evolved,  Avith  a  sort  of  jerk,  and  a 
little  water  at  the  same  instant  rising  in  the  neck  of  the  retort,  you  may 
be  sure  that  no  more  chlorine  is  coming  over,  but  that  the  heat  has  con- 
verted part  of  the  water  of  the  muriatic  acid  into  steam,  which,  meeting 
with  the  water  in  the  trough,  at  a  lower  temperature  than  212°,  is  sud- 
denly condensed,  and  produces  \h&  jerk,  or  concussion;  you  must,  there- 
fore, stop  the  process,  by  taking  away  the  lamp,  and  taking  out  the 
stopper  from  the  tubulure. 

If  you  left  the  stopper  in,  see  what  would  happen, — why,  as  the 
retort  cooled,  the  water  from  the  trough  would  rush  in  and  fill  it,  perhaps 
break  it.  This  cannot  happen  if  the  stopper  is  out,  or  lightly  inserted 
with  a  bit  of  paper  or  thread  between  the  ground  surfaces  to  admit  air. 

When  you  judge  that  it  can  be  effected  without  risk,  empty  the 
retort,  wash  it  well  out,  and  set  it  to  drain,  so  that  it  may  be  ready  for  a 
similar  operation  on  a  future  occasion.  Whenever  you  finish  any  experi- 
menting, cleanse  your  vessels  and  apparatus,  and  set  them  by  in  their 
proper  places,  as  soon  as  possible;  then  they  will  always  be  ready  to 
your  hands,  and  at  the  year's  end,  you  will  have  saved  a  large  proportion 
of  valuable  time,  which  would  otherwise  have  been  lost  in  hunting  after 
things  out  of  place,  amidst  a  miscellaneous  collection  of  dirty  bottles, 
glasses,  retorts,  and  chemicals. 

Always  observe  the  two  following  "  golden  rules." 

I.  "  Never  put  off  until  to-morrow,  that  which  can  be  done  to-day." 

II.  "  A  place  for  everything,  and  everything  in  place." 

In  your  laboratory  you  will  find  shelves  far  more  useful  and  conve- 
nient than  drawers.  You  have  all  things  immediately  under  obser- 
vation and  command  on  shelves,  whereas  you  are  often  tempted  to  cram 
dirty  things  away  in  drawers ;  so  that  the  laboratory  may  appear  neat 
to  the  casual  observer.  Had  I  my  will,  I  would  have  no  drawers  in  the 
laboratory. 

Now  let  us  proceed  to  the  examination  of  the  nature  and  properties 
of  chlorine. 

The  most  obvious  property  is  its  greenish  yellow  colour,  and  hence 
the  derivation  of  the  term  chlorine.  I  have  already  said  that  it  is  inju- 
rious to  life,  but  it  supports  combustion  to  some  extent;  I  mean  common 
combustion,  as  of  a  candle  or  taper,  and  of  this  you  can  easily  convince 
yourself,  by  putting  a  lighted  taper  into  a  small  bottle  of  it;  the  brilliancy 
of  the  flame  is  greatly  diminished,  it  is  red  and  smoky,  very  different  to 
what  happened  with  oxygen.  But  although  the  combustion  of  a  taper  is 
so  imperfectly  and  languidly  supported  by  chlorine,  yet  other  substances 
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will  burn  in  it  with  energy;  and  substances,  too,  that  are  not  usually 
considered  combustible. 

For  example,  take  the  metal  antimony,  reduce  some  of  it  to  a  very 
fine  powder  in  a  Wedgwood  mortar;  place  some  of  this  on  a  bit  of  bent 
card,  then  loosen  the  stopper  of  a  bottle  of  chloriJie,  and  throw  in  the 
antimotii/,  it  takes  fire  spontaneously,  and  burns  with  much  splendour, 
producing  a  large  quantity  of  white  fumes.  This  res\ilt  will  not  take 
place  in  oxygen,  and  you  would  not  have  anticipated  it  in  cJdoi'ine,  after 
seeing  how  sluggishly  the  flaming  hot  taper  burned:  how  curious  then  is 
it  to  see  the  cold  metal  spontaneously  burst  into  flame !  this  is  an  instance 
of  i?itense  chemical  affinity. 

Now  observe  how  slight  a  thing  will  modify  or  prevent  this  afiinity 
between  chlorine  and  antimony.  Drop  a  lump  of  the  metal  into  the  gas, 
there  is  no  spontaneous  combustion,  no  intense  or  immediate  action:  in 
the  course  of  time,  the  antimony  Avill  become  incrusted  with  a  white 
powder,  and  no  chlorine  will  be  found  in  the  bottle. 

HoAv  is  all  this  ?  why  it  is  an  instance  of  mechanical  aggregation 
opposing  chemical  affinity ;  the  metal  is  one  hard  compact  mass,  strongly 
aggregated,  and,  therefore,  the  chlorine  has  this  to  contend  with  and 
overcome  before  chemical  action  can  ensue;  it  takes  place  slowly  in  this 
instance,  but  in  the  other,  where  the  metal  was  in  fine  powder,  aggrega- 
tion was,  to  a  certain  extent,  mechanically  overcome,  the  chlorine  had 
little  to  contend  with,  but  instantaneously  exerted  its  action  on  each 
minute  particle,  intensely  and  rapidly,  the  usual  attendants  upon  which 
intense  chemical  affinity  are  the  evolution  of  light  and  heat. 

Let  us  take  another  metal:  we  will  select  copper,  in  that  form  well 
known  as  "  Dutch  gold,"  that  is  in  fine  leaves;  now  sHghtly  breathe  on 
one  end  of  a  glass  rod,  about  ten  inches  long,  and  cause  one  or  two  leaves 
of"  Dutch  gold"  to  adhere  to  the  damp  surface;  then  open  a  bottle  of 
chlorine,  and  quickly  plunge  in  the  metal  leaves,  they  instantly  take  fire 
spontaneously,  and  bum  with  a  fine  red  light.  A  greenish-yellow  solid 
substance  results  from  this  experiment. 

A  small  lump  of  copper,  or  "  Dutch  gold,"  will  not  burn  in  this 
manner,  but  is  only  slowly  acted  upon  as  just  now  stated  regarding 
antimony. 

A  bit  of  phosphorus,  placed  in  a  deflagi-ating  spoon,  will  take  fire 
spontaneously  in  chlorine,  and  burn  with  a  pale  flame,  producing  white 
fumes:  you  remember  hoAv  splendidly  it  burned  in  oxygen;  the  combus- 
tion in  this  instance  is  far  inferior  in  splendour,  nevertheless  the  afiinity 
is   intense. 

Now  let  us  examine  the  nature  of  the  products  of  these  three  cases 
of  spontaneous  combustion :  I  have  already  stated  that  when  a  metal  is 
burned  in  oxygen,  the  product  is  styled  an  oxide;  and  when  a  similar 
phenomenon  takes  place  in  chlorine,  the  product  is  styled  a  chloride;  thus 
the  first  result  was  a  chloride  of  antimotiy,  the  second  a  chloride  of  copper, 
and  the  third  a  chloride  of  phosphorus ;  these  are  all  very  important 
combinations,  but  I  do  not  enter  upon  their  natures  in  detail,  because  it 
would  be  out  of  place  here,  where  I  am  only  showing  the  general  characters 
of  chlorine. 

Cold  water  readily  dissolves  chlorine.    Open  a  bottle  of  the  gas,  and 
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quickly  invert  it  in  a  saucer  full  of  clean  cold  water,  leave  it  for  a  short 
time,  and  you  will  gradually  find  the  water  rising  in  the  bottle ;  it  dis- 
solves the  gas,  and  the  resulting  solution  is  of  a  pale  lemo7i-colour ; 
chemists  call  it  an  aqueous  solution  of  chlorine.  If  you  leave  any  water 
in  your  bottles,  of  course  it  M-ill  absorb  part  of  the  chlorine,  and  produce 
a  partial  vacuum;  the  stoppers  will  become  so  tightly  fixed  as  to  defy  all 
your  exertions  to  remove  them :  remember,  therefore,  never  to  stop  the 
bottles  until  they  are  quite  full  of  chlorine.  This  solution  has  several 
remarkable  properties:  pour  a  little  into  a  small  glass,  and  then  put  in  a 
bit  of  gold  leaf- — I  mean  real  gold  leaf- — stir  it  round  and  round  with 
a  glass  rod,  the  gold  dissolves,  and  thus  you  obtain  an  aqueous  solution 
of  chloride  of  gold. 

You  would  never  anticipate  such  a  result  with  this  noble  metal, 
especially  if  you  have  ever  attempted  to  dissolve  it  in  nitric,  sulphuric,  or 
other  strong  acids,  for  none  of  them  have  any  action  on  it:  but  here  is 
water,  with  a  little  chlorine  in  solution,  which  quickly  causes  the  metal 
to  disappear. 

Perhaps  you  have  heard  of  a  solvent  for  gold,  called  aqua  regia,  or 
nitromuriatic  acid,  or  if  not,  you  can  easily  make  an  experiment  which 
will  explain  its  nature. 

Put  a  little  nitric  acid  into  one  glass,  and  a  little  muriatic  acid  into 
another  ;  add  a  bit  of  gold-leai  to  each :  the  acids  separately  have  no  action 
on  it,  but  now  suddenly  mix  them,  and  the  gold  instantly  dissolves.  You 
have  formed  aqua  regia  or  nitro-muriatic  acid,  in  which  you  find  the 
peculiar  odour  of  chlorine  very  perceptible  ;  but  where  has  it  come  from? 
Why  from  the  muriatic  acid,  and  as  follows. 

Muriatic  acid  consists  of  chlorine,  and  hydrogen,  and  nitric  acid  of 
oxygen  and  nitrogen,  (pp.  300,  301,  vol.  i.)  "When  these  acids  are  mixed 
together,  part  of  the  hydrogen  of  the  one  unites  to  part  of  the  oxygen  of 
the  other,  forming  mater,  and  chlorine  is  liberated  in  the  free  state  a  ready 
solvent  for  gold.  You  recollect  that  we  set  out,  by  evolving  chlorine 
from  muriatic  acid  and  oxide  of  manganese  ;  the  theory  of  the  process, 
you  will  now  easily  understand. 

Muriatic  acid  consists  of  chlorine  and  hydrogen,  oxide  of  manganese, 
of  oxygen  and  manganese,  (p.  191,  vol.  ii.)  When  these  are  mixed  to 
gether  in  the  retort,  part  of  the  hydrogen  of  the  muriatic  acid  unites  with 
part  of  the  oxygen  of  the  oxide  of  inanganese,  forming  water,  and  free 
chlorine  is  evolved.  So  you  see  it  is  a  very  simple  case  of  the  decom- 
position of  the  acid.  There  remains  in  the  retort  a  solution  of  chloride 
of  manganese.  If  you  put  all  the  black  mass  on  a  filter,  add  a  little  more 
water,  the  chloride  of  manganese  will  filter  through  of  a  pale  pink  colour ; 
and  by  evaporating  this  solution  carefully  to  dryness  on  some  hot  sand,  or 
over  a  lamp,  you  will  obtain  a  solid  crystalline  chloride  of  manganese. 

There  are  many  other  methods  of  obtaining  chlorine,  especially 
from  common  salt,  which  is  a  chloride  of  sodium;  but  these  are  rather 
more  complicated,  and  I  do  not  stop  to  describe  them  here.  Your 
readiest  source  of  chlorine  is  that  already  detailed. 

Now  the  aqueous  solution  of  chlorine  already  mentioned  has  a  very 
singular  action  on  vegetable  colours.  Vegetable  bhies  are  generally  ren- 
dered red  by  acids  and  green  by  alkalies.     But  put  a  bit  of  litmus-paper 
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solution  of  chlorine,  and  its  blue  colour  is  instantly  destroyed:  it  is 
regularly  bleached.  Almost  every  variety  of  colour  undergoes  a  similar 
change.  Try  various  strips  of  printed  calico,  and  you  get  illustrations 
of  the  art  of  bleaching. 

Dissolve  a  small  lump  of  indigo  in  some  sulphuric  acid.,  by  the 
aid  of  a  moderate  heat,  a  solution  is  thus  obtained  of  an  intense  blue 
colour,  for  indigo  has  the  peculiar  property  of  dissolving  in  sulphuric 
acid,  without  reddening  or  altering  colour.  Take  a  drop  of  this  sulphate 
of  indigo,  and  add  it  to  half  a  pint  of  water,  so  as  to  dilute  the  blue 
a  little :  then  pour  some  of  it  into  the  solution  of  chlorine,  and  as  fast 
as  you  pour,  the  blue  colour  is  bleached,  with  almost  magical  velocity. 
This  rapid  destruction  of  a  very  permanent  colour  is  a  fact  of  vast  im- 
portance in  the  arts.  A  few  years  since,  the  art  of  bleaching  was  a 
tardy  and  uncertain  process,  dependent  chiefly  upon  the  state  of  the 
weather;  but  now,  by  the  introduction  of  chlorine  and  its  combinations, 
it  is  reduced  to  principles  of  great  perfection  and  certainty,  and  enormous 
quantities  of  chlorine  are  daily  evolved,  and  collected  in  a  proper  state, 
for  the  use  of  the  bleacher. 

In  the  manufacture  of  chloride  of  lime  for  the  use  of  the  bleacher, 
the  quantity  of  chlori?ie  annually  evolved,  is  enormous,  and  almost  sur- 
passes the  bounds  of  belief;  indeed,  I  am  almost  afraid  to  state  even 
its  daily  evolution  by  one  manufacturer,  but  I  had  my  information  from 
very  high  authority.  "  He  evolves  daily  fifty  tons'  weight  of  chlorine, 
and  unites  it  with  lime  to  make  the  chloride  I" 

This  is  an  enormous  quantity;  and  a  magnificent  example  of  the 
perfection  and  precision  at  which  chemistry  has  arrived. 

The  bleacher  in  most  instances  finds  that  free  gaseous  chlorine,  or 
its  aqueous  solution  are  not  so  advantageously  applicable  to  his  processes, 
as  chloride  of  lime.  This,  therefore,  is  the  form  in  which  chlorine  is 
almost  invariably  employed,  and  chloride  of  lime  is  now  too  well  known 
to  require  any  further  description  here. 

If  you  leave  the  strips  of  calico  for  some  time  in  aqueous  sohdion 
of  chlorine  or  of  chloride  of  lime,  then  take  them  out  and  dry  them: 
you  will  find  them  very  white,  but  very  rotten,  slitting  and  dropping  into 
holes  upon  the  slightest  touch ;  because  not  only  has  the  chlorine 
destroyed  the  chemical  colour,  but  also  the  mechanical  texture  of  the 
woven  fabric. 

This  is  an  obvious  disadvantage :  how  is  it  to  be  got  rid  of? 
Simply  by  employing  a  much  weaker  bleaching-solution,  and  then  well 
washing  the  bleached  goods  in  water  until  all  traces  of  the  smell  of 
chlorine  disappear.  The  weak  solution  will  more  slowly  yet  quite  as 
effectually  destroy  colour,  leaving  texture  unimpaired. 

Careful  manufacturers  always  attend  to  this  circumstance,  but  others 
hurry  their  processes,  and  of  course  the  goods  are  very  rotten.  "  Turkey 
red  handkerchiefs,"  as  you  very  well  know,  are  covered  with  white  spots. 
Now  in  the  manufacture  of  these  articles,  the  piece  of  cotton  is  first  wholly 
dyed  red,  and  then  chlorine  is  properly  applied  to  those  parts  intended 
to  be  white;  they  become  bleached,  and  it  not  unfrequently  happens  that 
the  goods  are  hurried  into  the  market  retaining  chlorine.  All  the  spots 
and  figures  are,  therefore,    very  rotten;    and  if  you  dry  one  of  these 
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haiidkerclucfs  before  the  fire,  you  can  i-eadily  poke  your  finger  through 
all  the  Avhite  spots,  because  the  fibre  of  the  cotton  is  destroyed. 

Paper  has  its  dazzling  whiteness  conferred  upon  it  by  chlorine,  and 
very  frequently  contains  it  in  notable  quantity,  especially  that  paper 
known  as  "  printing  demy."  Open  a  fresh  bale  of  it,  and  you  find  the 
odour  of  chlorine  very  perceptible.  Of  course  such  paper  cannot  be 
very  durable. 

If  you  write  on  it  with  common  ink,  in  the  course  of  time  the 
writing  Avill  fade;  because  chlorine  will  readily  destroy  the  colouring- 
matter  of  writing-ink.  It  does  not  affect  that  of  printing-ink,  because 
that  owes  its  blackness  not  to  iro?i  but  to  charcoal,  which  is  a  singularly 
unalterable  and  permanent  substance.  Blot  over  a  printed  page  with 
common  ink,  and  then  wash  it  over  with  solution  of  chlorine  or  chloride 
of  li?ne,  which  will  remove  all  the  blots,  and  leave  the  printing  untouched. 
This  fact  is  obviously  of  much  utility. 

Paper  thus  containing  chlorine  is  often  productive  of  the  most 
serious  inconvenience  to  silversmiths,  jewellers,  plated  button-makers, 
cutlers,  and  surgical-instrument-makers,  who  employ  it  for  wrapping  up 
their  polished  goods ;  for  although  it  appears  white,  and  beautiful,  and 
very  neat,  yet  it  contains  cA/on'we,  a  sad  enemy  to  all  metal- work;  the 
polished  goods  soon  become  tarnished,  wholly  spoiled,  and  unsaleable. 

Chemistry,  of  course,  gets  sadly  into  disgrace,  when  its  beautiful 
principles  are  thus  perverted  by  the  mercenary  manufacturer. 

In  addition  to  the  valuable  property  of  destroying  colour  in  the  art 
of  bleaching,  chlorine  and  some  of  its  combinations  have  other  important 
uses.  Thus,  solution  of  chlorine  or  chloride  of  lime  will  destroy  the 
unpleasant  effluvia  arising  from  decaying  animal  or  vegetable  matters.  It 
is  also  of  the  greatest  importance  in  fumigatioii,  and  destroys  contagious 
or  infectious  matter. 

People  often  sprinkle  vinegar  in  sick  chambers,  or  burn  perfumes, 
and  call  this  fumigating  ;  it  is  of  no  manner  of  use  save  io  cover  a  bad 
smell ;  the  infectious  or  contagious  matter,  if  any,  remains  in  full 
activity,  and  it  can  only  be  effectually  destroyed,  by  fumigation  with 
chlorine  or  nitric  acid  vapour,  the  former  may  be  depended  on. 

The  celebrated  Guyton  de  Morveau  invented  Avhat  he  called  "  Pre- 
servative phials."  These  were  strong  glass  bottles,  having  ground-glass 
stoppers,  secured  by  a  screw,  and  containing  a  mixture  for  evolving 
chlorine.  Upon  entering  an  infectious  atmosphere,  the  stopper  was  to 
be  slightly  withdrawn,  to  allow  a  puff  of  the  gas  to  escape,  and  its  odour 
to  become  perceptible ;  and  according  to  his  experience,  this  was  sufficient 
to  avert  the  danger  of  infection. 

Fumigation  by  chlorine  is  a  very  simple  matter,  the  mixture  for 
evolving  the  gas,  should  be  placed  in  earthen  pans  on  the  floor  of  the 
room,  the  windows  and  doors  are  to  be  closed,  and  things  left  in  this 
state  until  the  evolution  of  chlorine  ceases ;  the  doors  are  then  to  be 
opened,  and  the  windows  also  from  the  outside,  letting  a  current  of  fresh 
air  sweep  into  the  room  until  you  can  enter  without  inconvenience  ; 
clear  out  the  pans,  insert  fresh  materials,  and  close  up  the  room  as  before, 
until  you  judge  that  it  is  thoroughly  fumigated.  In  fumigating  large 
rooms,  of  course  you  must  have  many  pans  of  the  mixture. 
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Some  years  ago,  a  very  extensive  fumigation  of  the  Milbank 
Penitentiary  was  conducted  under  the  direction  of  Dr.  Faraday :  and  so 
copious  was  the  evolution  of  chlorine,  that,  upon  looking  through  a  plate 
of  glass  inserted  in  the  door  of  each  long  gallery,  the  whole  of  its 
atmosphere  appeared  intensely  yellow. 

In  such  extensive  fumigations,  the  operators  are  often  dreadfully 
annoyed  by  the  accidental  inhalation  of  the  gas;  and,  indeed,  as  I  have 
before  stated,  it  is  most  distressing.  The  remedy  already  mentioned  may 
be  resorted  to,  or  a  sponge  soaked  in  weak  liquor  ammonice,  may  be  folded 
in  a  handkerchief,  and  held  close  to  the  mouth,  whilst  operating;  the 
amTtionia  or  volatile  alkali  neutralizes  the  chlorine,  and  prevents  its  access 
to  the  lungs. 

Chlorine  is  a  very  heavy  gas;  compared  with  hydrogen,  its  specific 
gravity  is  as  36  to  1,  and  compared  with  air,  as  2.500  to  1.000,  so  that 
it  may  be  poured  from  one  vessel  to  another;  in  making  this  experiment, 
and  indeed,  all  others  in  which  it  is  concerned,  remember  to  guard 
against  inhaling  it. 

Chlorine  was  discovered  by  the  celebrated  Scheele,  and  he  called  it 
dephlogisiicated  muriatic  acid,  that  is,  muriatic  acid  deprived  of  an  ima- 
ginary combustible  principle  called  phlogiston.  The  French  chemists 
called  it  oxymuriatic  acid,  imagining  it  to  be  muriatic  acid  containing 
loosely-combined  oxygen. 

Sir  H.  Davy  examined  it  with  masterly  skill,  and  found  that  it 
contained  no  oxygen :  that  it  could  not  be  resolved  into  any  simpler 
form  of  matter ;  that  it  was  not  a  compound  but  an  element,  for  which 
he  proposed  the  name  of  chlorine,  as  involving  no  theoretical  notions 
regarding  its  nature,  but  simply  implying  its  yellow  colour;  and  should 
it  at  any  future  time  be  decomposed,  and  shown  to  consist  of  two  or 
more  bodies,  still  the  term  chlorine  Avill  remain  unobjectionablCx  How 
different  is  this  precision  of  nomenclature  to  that  of  the  French  school 
regarding  oxygen! 

If  you  imagine  Scheele's  phlogiston  to  have  been  hydrogen,  you 
will  at  once  perceive,  how  near  the  true  elementary  nature  of  chlorine 
he  had  arrived,  when  he  called  it  dephlogisiicated  muriatic  acid. 

Now  you  still  more  fully  see  the  absurdity  of  calling  oxygen  the 
universal  supporter  of  combustion,  for  here  is  chlorine  supporting  com- 
bustion, with  an  equal,  if  not  a  superior  "energy ;  and  the  absurdity  of 
the  term,  universal  acidifying  principle,  will  become  fully  apparent 
hereafter ;  it  is  slightly  so  at  present,  for  chlorine  and  hydrogen  produce 
muriatic  acid. 

Such  is  a  slight  sketch  of  some  of  the  most  popular  properties  of 
chlorine,  its  evolution,  its  power  of  supporting  combustion,  of  destroying 
colour,  and  contagious  or  infectious  matter.  All  these  the  chemist  is 
well  acquainted  with,  but  of  the  ultimate  nature  of  this  singvdar  sub- 
stance he  knows  nothing. 
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CONDUCTED    BY    PROFESSOR    GILL,    FLUSHING    INSTITUTE,    LONG    ISLAND. 
NEW   YORK,    1836. 

It  can  never  be  an  object  of  indifference  to  Englishmen,  to  witness  the 
efforts  made  for  the  extension  of  science  by  their  Transatlantic  brethren. 
Those  efforts  have  been  in  every  sense  gigantic :  but  especially  in  all 
that  relates  to  the  arts  of  life  and  civilization.  Still,  till  very  recently, 
America  fell  far  behind  ourselves  in  those  fundamental  branches  of 
science  which  must  form  the  real  basis  of  every  solid  scientific  structure, — 
the  mathematical.  Prior  to  the  publication  of  Dr.  Bowditch's  translation 
of  Laplace,  and  the  excellent  notes  appended  to  it,  the  American  press 
could  not  boast  of  one  single  mathematical  work  comparable  to  hundreds 
published  in  the  mother-country.  The  cause  is  easily  explained,  and 
has  been  pointed  out  over  and  over  again  by  American  writers, — the 
slavish  prejudice  which  prevails,  amidst  all  the  personal  vanity  of  the 
Americans,  that  nothing  can  he  produced  in  America  at  all  comparable  to 
the  works  published  in  London.  In  the  arts  of  life  they  felt  themselves 
free,  and  less  shackled  by  fiscal  imposts  than  the  parent-country,  and 
there  they  put  forth  all  their  strength;  but  in  pure  science,  as  well  as  in 
literature,  they  have  fallen  as  far  below  us  as  in  commercial  and  manu- 
facturing efforts  they  have  surpassed  us.  We  are  not  sure,  however,  that 
the  American  publishers  do  not  find  it  more  to  their  advantage  to  keep 
up  this  delusion,  than  to  use  any  effort  to  dispel  it :  inasmuch  as  they  thus 
avoid  the  expense  of  purchasing  "  copy,"  but  find  it  made  ready  to  their 
hands  in  the  form  of  printed  books  imported  from  London!  No  English 
work  of  eminence,  and  adapted  to  the  taste  or  wants  of  their  own  popu- 
lation, issues  from  the  press  in  this  country,  which  is  not,  as  if  by  magic, 
circulated  throughout  America,  and  from  a  dozen  American  presses 
simultaneously,  in  less  than  three  months  after  the  most  favoured  "  town 
reader"  has  perused  it!  Happy  the  publisher  who  gets  a  single  week 
the  start  of  his  competitors!  He  makes  half  a  fortune  in  that  single 
week, — provided  the  book  is  one  calculated  to  have  a  "  good  run." 

Though  we  are  ready  to  admit  that  much  of  the  literature,  as  well 
as  of  the  science  of  America,  is  inferior  in  every  point  to  our  own,  yet  it 
must  be  obvious  that  this  does  not  arise  from  want  of  good  models, — for 
all  that  we  have,  they  have  too.  It  arises  from  the  discouragement  of 
American  effort,  and  from  this  alone.  Our  advantage  may  possibly  be 
found  in  this;  but  it  certainly  is  not  intentionally  consulted.  American 
patriotism  would  dictate  a  different  course;  and  it  is  improbable  that 
after  the  splendid  efforts  of  Washington  Irving,  Webster,  and  Cooper, 
in  literature,  and  of  Bowditch  in  mathematical  physics,  that  great 
country  will  look  so  coldly  on  the  labours  of  her  own  children.  It  is 
her  interest  to  foster  the  genius  of  her  own  soil;  and  she  cannot  be 
much  longer  blinded  to  it. 

It  is  well  known  to  every  well-read  mathematician,  that  in  this 
country  pure  science  was  cultivated  in  comparative  silence  and  obscurity, 
by  means  of  certain  periodical  works  more  or  less  exclusively  devoted  to 
them  (and  especially  the  Ladies'  and  Gentlemen's  Diaries)  whilst  in  our 
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OAVTi  universities  they  lay  dormant,  or  were  taught  as  a  mere  matter  of 
course,  studied  by  hardly  any,  and  considered  only  as  matters  of  idle 
curiosity  by  nearly  all.  We  live  in  better  times:  yet  few^  of  us  are 
sensible  of  the  great  obligations  which  we  are  under  to  those  modest  and 
unpretending  works  for  the  present  spirit  of  inquiry  which  is  now 
become  so  general  in  respect  of  pure  mathematical  science  and  its 
innumerable  applications.  As  we  were,  so  America  is,  at  this  moment. 
Bowditch  was  little  known  to  the  general  scientific  world  before  his 
present  undertaking:  yet,  so  to  speak,  Bowditch  was  the  child  of  Diarian 
nursing.  His  efforts  were  first  made  in  those  obscure  American  pe- 
riodicals which  are,  except  to  perhaps  half  a  dozen  persons,  unknown 
in  this  country,  and  almost  as  unremembered  in  their  "  father-land." 
Knowing  this  as  we  do,  we  cannot  look  with  indifference  upon  the 
attempts  which  are  made  in  that  country  to  establish  a  superior  class  of 
such  publications,  dependent  for  their  support  on  native  or  adopted 
talent.  Were  we  to*  recount  the  names  of  those  who  in  this  country 
were  7nade  mathematicians  by  the  English  Diaries,  Repositories,  Bees, 
Correspondents,  Companions,  Receptacles,  &c., — were  we  to  recount  the 
names  of  Simpson,  Landen,  Dalby,  Burrow,  Lawson,  Bonnycastle, 
Crakelt,  Saunderson  (George),  Robertson  (Dr.  Abram),  Wales,  White 
(Thomas),  Wildbore,  Vince,  Brinkley,  Maskelyne,  Hutton,  Harvey, 
and  a  hundred  others,  already  passed  away, — were  we  to  recount 
the  names  of  Gregory,  Leyboum,  Lowry,  Ivory,  Wallace,  Barlow, 
Davies,  Swale,  Mason,  Young,  Woolhouse,  and  a  hundred  others 
amongst  the  living, — we  are  sure  the  importance  of  these  publica- 
tions would  be  at  once  admitted.  Can  we  then  but  augur  well  for 
America  from  an  undertaking  like  this?  Or,  still  more,  from  the  very 
superior  manner  in  which  this  is  conducted?  Can  any  one  who  peruses 
this  single  number  with  attention,  fail  to  be  struck  with  the  power  of 
American  mind?     We  think  not. 

The  plan  of  the  work  assimilates  more  with  that  of  Professor  Ley- 
bourn's  Mathematical  Repository  than  with  any  other  type:  and  we  think 
Professor  Gill  could  scarcely  have  selected  a  better  model,  as  to  general 
feature.  Should  he  succeed,  even  to  a  partial  degree,  in  effecting  by  his 
publication  the  real  good  which  Mr.  Leyboum  has  done,  he  will  deserve 
well  of  his  countrymen. 

We  shall  give  a  brief  analysis  of  this  number,  and  ovir  readers  will 
then  see  that  we  may  most  cordially  recommend  it  to  their  notice  and 
support,  assured  that  they  will  find  much  to  compensate  them  for  its  cost. 

The  first  article  is  the  investigation  of  a  formula  for  the  longitude 
when  the  rhumb  is  invariable.  In  this  case,  the  course  is  the  loxodrome, 
and  the  expression,  for  the  longitude  arrived  at  is  known  to  be  accurately 

(omitting  the  spheroidal  figure  of  the  earth)  x  —  x^=i  tan.  v  log.   .      j 

where  x  and  x^  are  the  longitudes  of  the  limits,  y  y^  the  polar  distances 
of  the  same  limits,  and  v  the  angle  of  the  rhumb;  and  the  formula  is 
well  adapted  for  calculation*.     The  method  has,  however,  been  virtually 

•  We  shall  probably  have  occasion  to  I  solution  of  this  problem,  as  to  comparative 
make  some  remarks  on  the  various  me-  j  facility,  in  a  future  number  of  tliis  maga- 
thods  which  have  been  proposed  for  the  ;  zine. 
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anticipated  by  several  European  writers,  and  we  may  add  that  it  is  not 
the  one  most  in  favour  amongst  us. 

The  next  is  an  excellent  solution  of  the  problem. — "  In  a  given 
ellipse  to  inscribe  the  greatest  equilateral  triangle."  It  is  shown  that 
the  triangles  vary  from  the  least  to  the  greatest  continuously;  or,  in 
other  words,  that  there  is  only  one  maximum  and  one  minimum  value 
of  the  side;  though  obviously  there  must  from  the  symmetrical  form  of 
the  curve  he  four  different  positions  in  which  they  may  be  drawn. 

Thirdly,  a  new  discussion  of  the  problem: — "Upon  a  horizontal 
plane  a  rectilineal  path  is  traced,  in  Avhich  p  is  constrained  to  move 
uniformly.  This  body  is  connected  by  an  inflexible  and  inextensible 
line  with  another  body,  m,  which  is  posited  in  this  plane,  and  which  is 
supposed  to  have  received  some  primitive  impulse  in  the  direction  of  this 
plane.  It  is  required  to  find  the  nature  of  the  curve  described  by  the  body 
M,  and  the  other  circumstances  of  the  motion,  abstracting  all  consideration 
of  friction."  This  problem  was  first  considered  in  connexion  with  several 
analogous  ones  by  Clairault  in  Mem.  de  I'Acad.,  1736,  in  a  discussion  with 
Fontaine  and  others,  who  considered  the  curve  to  be  the  Tractory  or 
Equitangential  Curve.  It  has  been  subsequently  discussed  by  Gergonne, 
Dubuat,  Fran^ais,  and  others,  (Ann.  des  Math,  tom,  iv.);  and  by  Professor 
Lowry  in  Leybourn's  Repository.,  vol.  v.,  as  well  as  in  the  Ladies'  Diary 
for  1779  by  the  Rev.  Charles  "VVildbore. 

Mr.  Gill  obtains  the  equations  of  motion  with  great  elegance,  and 
differently  from  anything  we  have  seen.  His  mode  of  integrating  is 
similar  to  that  of  M.  Fran^ais.  He  annexes  the  discussion  of  several 
collateral  problems.  This  paper  is  on  the  whole  a  very  instructive  one 
to  the  young  geometer  and  physicien*. 

The  fourth  and  final  article,  as  well  as  the  most  elaborate  and  im- 
portant one,  is  a  paper  on  Spherical  Geometry.  This  is  a  branch  of 
science  exclusively  English,  and  of  very  recent  growth  in  any  regular 
form.  It  seems  to  have  taken  a  definite  character  from  the  researches 
of  Mr.  Davies,  concerning  the  "  Nature  of  the  hour-lines  on  the  antique 
sun-dials,"  published  in  the  Edinburgh  Transactions,  vol.  xii.;  and  has 
been  followed  up  by  two  other  papers  on  the  general  principles  and 
equations  which  are  involved  in  the  fundamental  idea.  An  abstract  of 
it  has  also  been  published  in  the  appendices  to  the  Ladies'  Diary  for 
1835 — 6;  and  several  interesting  questions  concerning  spherical  loci 
have  been  interspersed  through  the  Diaries  and  Leybourn's  Repository, 
by  Messrs.  Davies,  Woolhouse,  and  Rutherford.  The  abstracts  above 
spoken  of  seem  to  have  turned  Mr.  Gill's  attention  to  the  subject,  and 
his  processes  are,  in  some  cases,  material  improvements  upon  those  of 
his  predecessor,  though,  in  others,  they  fall  short  of  them.  This  article 
ought  not  to  be  passed  over  by  any  one  who  feels  interested  in  this  im- 
portant branch  of  geometry. 


*  Some  singular  discussions  took  place 
at  the  Bristol  meeting  of  the  Britisfi  As- 
sociation, respecting  this  term.  It  was 
thought  "  very  hard  that  the  medical 
practitioner  should  monopolize  the  term 
physician,"    and    after    considerable   al- 


tercation, the  sons  of  Esculapius  appear  to 
have  compromised  this  important  question 
by  allowing  the  cultivator  of  physics  to 
adopt,  after  the  French  non-medical  sa- 
vans,  the  title  of  "  Physicien. "  Much 
ado,  indeed,  about — nothing  ! 
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We  feel,  however,  disposed  to  take  an  exception  to  Mr.  Gill's 
notation.  Mr.  Davies  had  employed  the  Greek*  letters  to  designate 
spherical  co-ordinates,  so  as  to  distinguish  them  completely  from  the 
notation  of  the  linear  system.  Mr.  Gill  employs,  contrary  to  the  analogy 
which  is  suggested  by  the  uniform  practice  of  modern  writers,  the  Italic 
letter.  Even  in  piano,  the  angle  made  by  the  radius  vector  and  the 
angular  origin  is  WT-itten  ^,  6,  or  (f);  but  Mr.  Gill  has  employed  1/  to 
designate  the  spherical  radius  vector,  and  x  the  polar  angle.  We  are  at 
a  loss  to  account  for  the  motives  of  this  change ;  and  as  a  vniform  system 
of  notation  is  essential  to  a  successful  cultivation  of  any  branch  of 
analytical  science,  we  trust  that  Mr.  Gill  will  yet  accede  to  that  which 
he  found  in  use,  except  he  can  show  that  it  violates  some  of  the  essential 
rules  of  a  good  notation,  and  that  his  own  is  free  from  that  charge. 

We  shall  conclude,  by  referring  our  readers  to  the  remarks  on  the 
present  state  and  probable  tendency  of  spherical  geometry  to  be  inserted 
in  our  next  number;  and  with  cordially  recommending  Professor  Gill's 
labours  to  the  notice  of  our  American  as  well  as  our  English  readers. 


REMARKS  ON  CRYSTALLIZATION, 
By  Mr.  Thomas  Griffiths. 


In  the  Journal  of  the  Royal  Institution,  (vol.  xiv.,)  I  inserted  a  short 
notice  respecting  the  method  "  of  colouring  alum-crystals,"  together  with 
a  few  observations  on  the  best  nuclei  for  them  to  form  on. 

I  there  state,  that  "  coke  with  a  piece  of  lead  attached  to  it,  in  order 
to  make  it  sink  in  the  solution,  is  the  best  substance  for  a  nucleus,  or  if 
a  smooth  solid  surface  be  used,  it  will  be  necessary  to  wind  it  round  with 
cotton  or  worsted,  otherwise  no  crystals  will  adhere  to  it." 

This  fact  was  afterwards  noticed  by  Dr.  Faraday,  in  his  Chemical 
Manipulation,  as  follows: — "  Prepare  a  solution  of  alum  for  crystalli- 
zation by  diminution  of  temperature ;  hang  a  thread  across  it,  or  leave 
in  it  a  glass  rod  with  a  thread  wound  round  it,  and  observe  the  greater 
tendency  to  deposition  on  the  one  substance  than  the  other." 

Now,  I  believe,  that  these  are  the  only  two  published  notices 
respecting  the  influence  which  the  mechanical  texture  of  a  nucleus  has 
on  the  deposition  of  crystals  from  solutions ;  I  have  been  at  work  a  little 
on  the  subject  from  time  to  time,  and  more  especially,  lately,  in  pre- 
paring illustrations  for  the  lectures  in  the  Chemical  school  of  St.  Bartho- 
lomew's Hospital,   and  have  obtained  several  results,   which,  although 


*  The  employment  of  the  Greek  cha- 
racters has  a  perfect  analogy  with  the  es- 
tablished practice  of  all  good  writers  on 
the  geometry  of  co-ordinates,  and  on 
physical  astronomy.  In  truth,  if  the  in- 
tersection of  any  locus,  linear  or  super- 
ficial, with  a  sphere  concentric  with  the 
origin  of  co-ordinates  be  sought,  we  have 


only  to  take  the  radius  vector  constant, 
and  the  polar  equation  of  that  locus  (or 
those  pouits,  when  the  given  locus  is 
a  line)  becomes  identical  with  the  spherical 
equation  of  the  curve  (or  points)  of  inter- 
section. This  notation  is  therefore  in 
perfect  keeping  with  pre-established  ones. 
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probably  already  known  to  many  experimenters,  still  have  not  hitherto 
been  made  public,  as  far  as  I  know. 

I  put  forward  no  claims  to  originality ;  my  object  in  now  publishing 
an  account  of  the  experiments,  is  to  furnish  the  lecturer,  the  student, 
and  the  amateur,  with  a  few  striking  illustrations  of  some  of  the  beau- 
tiful phenomena  of  the  wonderful  subject  of  crystallization. 

It  has  often  been  remarked  to  me  by  some  of  the  most  eniinent 
chemists,  that  for  want  of  a  record  of  the  experiments  of  the  lecture- 
table,  they  are  either  wholly  lost  or  only  verbally  knoAvn,  and  therefore 
it  is  my  intention  occasionally  to  describe  in  this  journal,  some  of  the 
most  striking  experiments  suitable  for  class-illustrations. 

Experiment  I.  Place  a  smooth  glass  rod,  and  a  stick  of  the  same 
size,  in  a  hot  saturated  solution  of  alum ;  upon  examination  the  next 
day,  the  stick  will  be  found  covered  with  crystals,  whilst  the  glass  rod  is 
perfectly  free  from  them. 

If  I  may  be  allowed  the  expression,  the  crystals  appear  to  have  a 
preference  for  thejibrous  surface  of  the  wood,  it  aifords  them  good  hold ; 
they  cling  to  it  in  quantity ;  they  have  none  for  the  smooth  surface  of 
the  glass  rod. 

When  solutions  are  suffered  to  crystallize  in  a  tall  glass  vessel, 
it  very  rarely  happens  that  any  crystals  adhere  to  its  sides,  but  as  fast  as 
they  form  at  the  surface  of  the  solution,  they  fall  to  the  bottom  of  the 
vessel ;  in  a  tall  7vooden  vessel  the  case  is  different,  for  the  whole  of  its 
sides  and  bottom  become  studded  with  crystals. 

Experiment  II.  With  a  j&le  roughen  the  surface  of  a  glass  rod  at 
certain  intervals,  and  then  place  it  as  a  nucleus  in  a  hot  saturated 
solution  of  alum;  all  the  crystals  will  adhere  to  the  rough  surfaces, 
leaving  the  smooth  surfaces  perfectly  bright  and  clear. 

Experiment  III.  Tie  a  few  threads  of  lamp-cotton  at  certain  inter- 
vals around  a  clean  and  polished  glass  rod,  and  employ  it  as  a  nucleus  in 
a  similar  solution  of  alum ;  the  threads  will  be  covered  with  crystals, 
whilst  the  polished  parts  of  the  glass  rod  are  perfectly  free  from  them ; 
and  thus  it  is  not  difficult  to  obtain  six  or  eight  distinct  bunches  of 
crystals. 

Experiment  TV.  Tie  some  threads  of  lamp-cotton,  here  and  there, 
around  a  copper  mre,  (or  a  glass  rod,)  and  then  place  it  in  a  hot  satu- 
rated solution  of  sulphate  of  copper  (blue  vitriol),  the  threads  will  be 
covered  with  crystals. 

Coke  is  an  excellent  nucleus  for  alum- crystals  on  account  of  its 
very  porous  nature,  affording  them  plenty  of  secure  hold ;  but  gas-coke 
very  often  has  a  smooth,  shining,  and  almost  metallic  surface,  and  if  a 
piece  of  it  be  placed  in  a  solution  of  alum,  it  \rill  be  found  that  the 
crystals  avoid  the  smooth  surface,  and  form  only  on  the  most  irregulai 
and  porous  parts.  Is  it  not  possible  that  some  action  of  this  sort  may  be 
the  reason  why,  in  crystalline  minerals,  we  so  often  find  single,  well- 
determined  crystals,  adhering  to  certain  spots  of  foreign  matters? 

In  making  crystals  of  alum  on  coke  nuclei,  I  have  found  it  best  to 
employ  a  boiling  satm-ated  solution  of  alum,  and  to  bore  a  hole  through 
the  coke,  so  as  to  pass  a  string  through,  b}'^  means  of  which  it  may  be 
suspended  in  the  solution;  it  will  of  course  float,  and  therefore  the 
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string  should  be  left  so  slack,  that  when  the  coke  becomes  saturated  with 
the  solution,  and  loaded  with  crystals,  it  may  sink  to  about  the  middle 
of  the  solution  ;  this  is  better  than  loading  it  with  lead,  and  the  finest 
crystals  will  always  be  found  on  the  lower  surface,  because  they  have 
formed  quietly  and  undisturbed  by  the  fall  of  smaller  crystals  from  the 
upper  part  of  the  solution. 

If  powdered  turmeric  be  added  to  the  hot  saturated  solution,  the 
resulting  crystals  will  be  of  a  bright  yellow  ;  if  litmus  be  used  instead, 
they  will  be  of  a  bright  red;  logwood  will  yield  them  of  a  purple,  and 
common  writing-ink  of  a  black  tint ;  and  the  more  muddy  the  solution, 
ihejijier  will  be  the  crystals,  hence  no  filtration  is  necessary. 

But  in  all  cases  of  coloured  alum-crystals,  they  are  much  more 
brittle  than  pure  alum,  and  the  colours  are  to  some  extent  fugitive ;  the 
best  way  of  preserving  them  is  under  a  glass  shade  containing  a  saucer 
of  water;  this  keeps  the  atmosphere  constantly  saturated  with  moisture, 
the  crystals  never  get  too  dry,  and  their  texture  and  colour  undergo  but 
little  change.  The  same  plan  may  be  adopted  with  many  other  crystals, 
especially  those  of  sulphate  of  copper.  Those  beautiful  blue  "  crystal 
baskets,"  now  so  common  in  the  bazaars  and  toy-shops,  are  made  with 
sulphate  of  copper,  and  if  one  of  them  be  kept  for  a  day  or  two  on  the 
mantel-shelf,  it  loses  its  beauty,  becoming  pale,  dry,  and  brittle ;  but 
keep  it  under  a  glass  shade  with  water,  as  just  directed,  and  it  retains  its 
original  beauty  unimpaired. 

Wire  is  a  bad  substance  for  a  nucleus,  for  two  reasons ;  first,  if  it  is 
very  smooth,  crystals  will  adhere  to  it  with  great  difficulty,  or  not  at  all ; 
and  secondly,  supposing  it  has  attracted  crystals,  they  are  apt  to  split  ofi^, 
on  account  of  the  expansions  and  contractions  of  the  wire  by  alternations 
of  temperature. 

A  very  striking  experiment  showing  how  the  colour  of  a  crystal 
very  often  depends  upon  water  of  crystallization,  consists  in  carefully 
drying  a  crystal  of  sulphate  of  copper  in  a  crucible,  until  it  becomes 
perfectly  white;  then  drop  it  into  water,  and  it  instantly  becomes  of  its 
original  blue  colour  by  absorbing  water. 

If  a  crystal  of  the  Jerrocyanuret  of  potassium  (prussiate  of  potassa,) 
be  similarly  dried,  its  yellow  colour  vanishes,  but  reappears  directly  upon 
being  dropped  into  water. 

I  have  commenced  a  set  of  experiments  on  the  instantaneous  crystal- 
lization of  concentrated  solutions  of  Glauber's  salts,  in  vessels  secured 
from  the  access  of  air;  and  if  they  tend  in  any  way  to  elucidate  this 
mysterious  subject,  I  shall  make  them  known  through  the  medium  of 
this  Journal. 

Chemical  School,  St.  Bartholomew's  Hospital, 
October  13,  1836. 
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DESCRIPTIVE    GEOMETRY. 

I. 

Historical  Notice. 

Probably  there  are  few  of  our  readers  who  liave  not  heard  of  the  exist- 
ence of  a  curious  branch  of  mathematical  science,  called,  by  Monge  and 
the  modern  French  ^vriters,  Geometrie  Descriptive ;  but  those  who  have 
confined  their  reading  to  English  authors,  have  little  chance  of  knowing 
much  of  its  nature  and  objects.  It  is  true  that  several  years  ago,  a 
considerable  extract  was  made  from  Monge's  work  in  the  Architectural 
Dictionary  of  Mi'.  Peter  Nicholson;  but  the  high  price  and  scarcity  of 
that  work  preclude  most  readers  from  the  opportunity  of  consulting  it. 
Besides,  the  work  of  Monge,  elegant  as  it  is,  is  not  exactly  adapted  for 
abridgment,  and  still  less  for  unconnected  extracts*.  Mr.  Nicholson 
afterwards  commenced  a  work  in  numbers,  bearing  the  title  of  DescrijJ- 
tive  Geometry ;  but  the  commercial  casualties  of  the  period  (1825)  put 
a  stop  to  the  undertaking  before  he  had  entered  upon  the  essential  part 
of  his  subject;  so  that  we  have  no  means  of  judging  of  the  method  in 
which  he  intended  to  develop  it.  Nothing  further  on  this  branch  of 
science  has  appeared  in  England. 

In  America,  however,  two  separate  works,  on  the  more  elementary 
parts  of  descriptive  geometry,  have  been  published  for  the  use  of  the  United 
States'  Military  Academy,  at  West  Point.  The  first  was  by  M.  Crozet,  the 
professor  of  engineering,  and  the  other  by  Mr.  Charles  Davies,  professor  of 
mathematics  in  that  institution.  M.  Crozet's  work  is  a  very  indiiferently 
selected  series  of  extracts  from  Monge  and  ITachette;  but  Mr.  Davies's 
is  a  work  of  a  far  higher  character  in  its  mathematical  composition, 
though  still  much  too  confined  in  its  scope  and  applications.  The  former 
was  published  in  1821;  and  was  superseded  by  the  latter  in  1827;  and 
this,  again,  was  reprinted  in  1832. 

These  are  all  the  attempts  Avhich  have  been  made  to  supply  a 
treatise  in  our  o^vn  language;  and  the  American  treatises  are  so  little 
known,  that  we  have  never  seen  more  than  the  single  copy  before  us  of 
either  of  them.  They  were  all  intended,  too,  to  be  subservient  to  militarrj 
engineering,  and  hence  must,  of  necessity,  be  very  deficient  in  their 
applications  to  the  wants  of  engineers  and  architects,  as  well  as  to  those 
of  the  cultivators  of  physical  science.  These  desiderata  we  hope  to  supply 
in  the  course  of  this  series  of  papers :  and  we  shall  especially  have  regard 
to  these  objects,  seldom  taking  our  examples  of  the  application  of  the 
principles  of  the  science  from  other  than  civil  or  scientific  pursuits,  avoiding 
except  in  rare  cases,  the  military  examples  of  the  French,  Italian,  Ger- 
man, and  American  writers. 

Notwithstanding  the  importance  of  Geometry  in  the  arts,  as  Avell  as 
in  philosophy,  how  few  there  are  amongst  those  devoted  to  either  pursuit, 

*  Those  extracts,  we  believe,  were  made  by  Mr,  Webster,  F.G.S.,  the  very  able 
geologist,  who  discovered  the  tertiary  formations  in  the  Isle  of  Wight,  and  the  author 
of  several  valuable  papers  on  different  geological  subjects. 
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Avho  have  a  competent  knowledge  of  its  nature, — and  how  few,  indeed, 
are  those  whose  acquirements  are  of  sufficient  extent,  to  he  of  any  real 
use  to  them!  It  is,  indeed,  a  source  of  constant  complaint,  especially 
amongst  practical  men,  that  there  is  no  work  from  which  they  can 
ohtain  the  kind  of  geometrical  knowledge,  which  is  adapted  to  their 
daily  wants.  It  is  true  that  a  sufficient  number  of  works,  under  various 
appellations,  and  of  various  degrees  of  merit,  have  been  written  on  the 
geometry  of  rule  and  compass,  the  construction  of  plane  curves,  and  such 
subjects ;  and  also  that  we  have  excellent  treatises  on  theoretical  or 
speculative  Geometry,  besides  that  of  Euclid:  yet,  on  the  construction  of 
problems  relating  to  space,  except  of  a  purely  theoretical  kind  on  one 
hand,  or  a  set  of  artificial  rules  adapted  to  single  cases  on  the  other,  we 
are,  to  the  present  hour,  unsuppiied  with  one  single  work, — a  work  in 
which  theory  and  practice  go  hand  in  hand,  and  mutually  subserve  each 
other.  The  consequence  is,  that  the  small  number  of  persons  who  attend 
to  the  theory,  see  in  it  only  a  collection  of  abstract  propositions,  connected 
with  each  other,  and  mentally  beautiful  in  that  connexion  it  is  true, 
though  still  having  no  prfictical  bearing  on  the  arts  and  necessities  of 
highly-civilized  life:  whilst  the  practical,  who  are  the  many  that  more 
especially  require  it,  see  only  a  series  of  isolated,  operations,  unconnected 
by  any  common  principle,  and  view  its  didactic  rules  as  being  merely 
so  many  happy  contrivances  discovered  by  accident,  and  resting  on 
no  other  evidence  than  their  own  experience  that  the  precepts  answer 
their  special  purpose.  The  speculatist  is  satisfied  with  the  contemplation 
of  the  truths  unfolded:  the  practical  man  is  satisfied  so  long  as  he  finds 
no  want  beyond  what  his  rules  will  help  him  through.  Rather,  we 
should  say,  this  was  the  case,  than  is:  as  most  men  of  science  now  turn 
their  attention  more  or  less  to  the  utility  of  their  inquiries;  and  the  recent 
rapid  strides  made  in  every  branch  of  the  arts,  shows  the  unavoidable  and 
unconquerable  difficulties  which  stand  in  the  way  of  practical  men,  whose 
knowledge  is  not  based  upon  theory  as  well  as  upon  personal  experience 
and  traditional  dogmas.  There  are  few  architects  and  engineers, — few  even 
of  carpenters  and  masons, — who  have  been  called  into  an  active  share 
in  executing  the  great  undertakings  that  have  been  entered  on  duidng  the 
last  twenty  years,  without  having  felt  considerably  embarrassed  by  their 
Avant  of  familiarity  with  the  higher  branches  of  Geometry,  and  some 
degree  of  physical  science.  It  is  impossible  to  look  on  the  great  amount 
of  labour  lost,  the  expenses  incurred,  and  the  vexation  and  disappoint- 
ment which  have  ensued, — all  from  the  Avant  of  proper  mathematical 
acquirement  in  those  to  Avhom  they  were  intrusted, — without  feeling 
deeply  anxious  to  prevent,  as  far  as  possible,  the  recurrence  of  such 
lamentable  events.  AYe  believe,  indeed,  that  there  is  much  truth  in  the 
statement,  that  "  Many  an  excellent  design  has  been  changed  to  suit  the 
workman's  rule  for  execution,  instead  of  the  rule  being  extended  to  suit 
the  design."  Skill  and  taste  obliged  to  bend  to  the  ignorance  of  the 
carpenter  and  the  mason !  It  is,  on  the  contrary,  equally  true  that  taste 
is  too  liable  to  outrun  the  laAvs  of  nature,  and  to  Adolate  the  rules  of 
geometrical  construction;  and  that  many  designs  AA'hich  are  beautiful  on 
paper,  are  inconsistent  with  the  principles  of  equilibrium,  and  involve 
impossible  or  incompatible  geometrical  conditions :  and  the  only  way  by 
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whicli  the  architect  or  engineer  can  secure  himself  from  the  disappoint- 
ment and  chagrin  of  total  or  partial  failure,  is  to  store  his  mind  well  with 
the  principles  upon  which  stability  is  founded,  and  the  methods  of 
investigating  those  problems  by  which  his  constructions  can  be  executed 
in  detail.  Nature  is  true  to  her  own  laws, — Geometry  is  unvarying  in 
her  principles;  and  the  remotest  consequences  of  the  one  can  be  followed 
out  by  means  of  the  other.  Every  man,  whose  profession  leads  him  to 
design  a  structure,  of  whatever  kind  it  be,  is  false  to  his  own  reputation, 
as  well  as  false  to  those  who  repose  confidence  in  him,  if  he  do  not, 
for  himself,  ascertain,  without  the  experiment  of  success  or  failure, 
whether  his  design  be  compatible  with  the  physical  and  geometrical 
principles  that  pervade  alike  all  materials  and  all  their  thousand  forms. 
Descriptive  Geometry  is  one  of  his  most  essential  requisites  in  some  shape 
or  other:  and  the  doctrine  of  equilibrium  and  of  motion,  is  perhaps  the 
only  one  which  exceeds  it, — if,  indeed,  it  do  exceed  it*. 

The  gorgeous  structures  of  Greece  rather  astonish  us  by  their 
magnitude,  and  delight  us  by  their  exquisite  and  inimitable  beauty,  than 
by  the  display  of  mechanical  and  geometrical  skill :  whilst  those  of  Egypt 
and  India,  from  the  difference  of  the  beau  ideal  in  our  minds  and  theirs, 
have  little  to  recommend  them  to  our  attention  besides  their  antiquity 
and  their  unequalled  magnitude.  The  "  Gothic,"  on  the  contrary,  is  full 
of  the  most  ingenious  contrivance,  and  manifests  an  intimate  acquaintance 
with  the  principles  of  strength,  which  was  totally  lost  with  the  dispersion 
of  that  singular  fraternity,  under  whose  superintendence  such  structures 
were  erected ;  which  even  the  most  accomplished  architects  of  the  present 
time  have  been  unable  to  develop  anew;  and  which  the  most  scientific 
amongst  us  dare  not  venture  to  imitate  in  any  structure  of  his  own. 
Much  as  we  gained  by  the  Reformation,  we  also  lost  much !  It  is  true 
we  have  a  relic  of  that  fraternity,  in  the  convivial  band  of  free-masons ; 
and  we  have  doubtless  other  relics,  in  the  traditionary  practice  and  rules 
for  the  simpler  operations  of  building :  but  the  soul  is  gone  from  that 
body;  and  can  only  be  recalled  by  the  assiduity  of  those  who  seek  in  a 
better  spirit  than  has  been  displayed  till  very  recently,  to  restore  to  us 
the  knowledge  which  died  with  it. 

The  earliest  treatise  with  which  we  are  acquainted,  in  which  any 
attempt  beyond  the  most  obvious  geometrical  operations,  was  made  to 
give  a  body  of  practical  instruction  on  subjects  connected  with  building, 
was  by  Philibert  De  I'Orme,  almoner  to  Henry  the  Second  of  France,  in 
a  -w^ork  on  cutting  of  stones,  imder  the  title  of  Secrets  de  T Architecture, 
published  in  a  folio  volume,  in  1642.  Seven  years  later,  the  Jesuit 
Derande,  and  the  architect  Desargues,  both  of  Lyons,  published  a  more 
extensive  work  on  the  same  subject;  and  in  1728,  La  Rue  published  a 


•  There  is  a  multitude  of  excellent 
works  on  the  first  principles  of  statics; 
yet  the  number  in  which  these  principles 
are  well  applied  to  the  wants  of  the  en- 
gineer and  architect  are  exceedingly  few. 
We  purpose  to  give  a  series  of  articles 
on  different,  and  the  most  important, 
of  the  applications  of  the  doctrines  of 
equilibrium  in  our  future  numbers.     We 


had  prepared  a  paper  on  oblique  arches 
with  this  view,  but  are  obliged  to  defer  it 
till  next  month,  when  we  shall  examine, 
with  some  detail,  the  geometrical  and  sta- 
tical conditions  of  that  kind  of  structure. 
For  the  present,  all  we  can  say  to  those 
who  are  projecting  such  arches,  is, — hesi- 
tate! beware! 


X    COURSE    OP    DKSCltlPTIVE    OEOMETRV.  305 

collection  of  epures  for  the  same  purpose,  accurately  drawn  and  beauti- 
fully engraved.  In  1739,  Frezier,  officier  superieur  du  genie  militaire, 
published  in  three  volumes,  4to,  a  work  entitled  Theorie  et  Pratique  de 
la  Coupe  de  Pierres  et  Bois,  in  which  he  attempted  to  explain,  by  the 
principles  of  geometry,  the  several  combinations  of  lines  and  surfaces 
which  arise  in  the  cutting  of  wood  and  stones :  and  in  1 760,  another 
very  valuable  treatise  on  analogous  subjects,  under  the  title  of  Elemens 
de  Stereotomie,  in  two  volumes  8vo. 

The  military  problem  of  Defilemetit  was  actively  discussed  by  the 
successive  professors  in  the  Military  Institution  at  Mezieres ;  by  Millet 
de  Moreau  in  1749,  Dubuat  in  1768,  and  Meusnier  in  1777-  About 
1764,  Monge  was  appointed  (at  the  age  of  twenty)  professor  of  military 
drawing  in  that  celebrated  institution,  and  he  entered  ardently  upon  the 
investigation  of  the  same  problem :  and  before  he  left  that  establishment 
(1784),  he  had  published  no  less  than  seventeen  memoir es  on  different 
subjects  connected  with  the  geometry  of  space,  several  of  which  were  of 
great  interest  and  importance,  and  had  also  framed  the  chief  part  of  the 
work  which  was  to  give  a  new  aspect  and  an  unprecedented  efficiency  to 
geometrical  science.  It  was  first  made  public  in  his  lectures  (1794)  while 
professor  of  geometry  in  I'Ecole  Centrale  de  Travaux  Publics  (since  so 
celebrated  as  I'Ecole  Poll/ technique),  and  printed  for  the  use  of  the 
eleves  of  that  school.  The  extreme  simplicity  of  its  mode  of  research, 
and  the  striking  results  to  which  it  directly  led,  immediately  gained  for 
it  not  only  the  universal  admiration  of  the  mathematicians  of  that  period, 
but  the  more  enduring  advantage  of  general  study.  In  that  most  fickle 
period  of  all  the  versatile  periods  of  French  history,  it  might,  however, 
have  soon  been  thrown  aside  to  make  way  for  the  next  novelty,  but  for 
the  extraordinary  perseverance  of  the  amiable  and  indefatigable  Hachette 
(who  had  been  appointed  Monge's  prqfesseur  adjoint,  and  became  ulti- 
mately his  successor  alike  in  the  professorial  chair,  and  as  a  victim  of 
Bourbon  oppression),  who  extended  its  application  to  civil  as  Avell  as 
military  purposes,  and  likewise  to  a  great  number  of  physical  inquiries. 
Its  cultivators  increased  so  as  to  include  all,  or  nearly  all,who  have  been  any 
way  distinguished  in  mathematical  and  physical  science  or  the  arts  of  life 
in  France  for  the  last  thirty  years.  There  is  not  a  periodical  journal  on  the 
continent,  devoted  to  mathematics,  which  does  not  bear  witness  to  this ; 
and  if  other  proof  be  still  required,  we  would  point  to  the  works  written 
on  the  subject  by  the  French  alone,  leaving  out  of  the  account  those  of 
Italy  and  Germany.  Hachette's  own  works  are  extremely  tasteful  and 
diversified :  and  those  of  Vallee,  Leroy  (to  say  nothing  of  several 
smaller  ones,  on  the  pure  science,  and  those  of  Dupin,  and  a  hundred 
others  on  its  applications  to  physics  and  the  arts,)  bear  ample  testimony 
to  our  statement.  It  was  introduced  into  Germany  in  1804,  if  not 
earlier,  and  into  Italy  some  years  before  that  period :  and  the  languages 
of  those  countries  are  now  enriched  with  works  of  great  merit  on  every 
part  of  the  science.  Even  in  Russia,  it  has,  for  twenty  years  at  least, 
formed  a  standard  branch  of  military  and  of  a  liberal  education. 

Still,  England  is  to  the  present  hour  without  a  single  work  on  the 
subject !  Not  even  in  her  military  institutions,  though  professedly  a 
military  subject,  is  a  single  lecture  given  on  it !     Not  even  in  her  uni- 
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versities,  so  strictly  a  branch  of  pure  science  as  it  is,  is  the  very  name 
familiar;  nor  does  one  single  question  occur  either  on  the  College  or 
Senate  House  "  Papers,"  that  has  the  least  reference  to  it !  Not  even 
amongst  her  practical  men,  whose  best  interests  are  so  deeply  involved  in 
it,  is  its  very  nature  and  character  known !  Nor  is  this  the  less  re- 
markable, when  we  reflect  that  in  military  works  the  operations  of  the 
method  perpetually  occur, — that ,  in  the  geometry  of  co-ordinates  we 
represent  algebraically  the  data,  and  the  conditions  of  the  problems  of 
descriptive  geometry, — and  that  in  every  branch  of  the  arts  of  life,  we 
have  occasion  to  employ  the  very  processes  of  which  the  theoretical  part 
of  this  science  furnish  the  method  and  the  demonstrations. 

As  the  Geometry  of  Co-ordinates*  is  often  a  convenient  mode  of 
investigating  the  problems  of  Descriptive  Geometry,  we  purpose  to  carry 
the  two  systems  on  together ;  and  after  having  shown  the  geometrical 
construction,  deduce  also  the  same  conclusions  by  means  of  the  literal 
calculus.  This  course  will,  therefore,  render  intelligible  to  the  minds  of 
those  who  are  familiar  with  co-ordinates  the  geometrical  constructions  of 
the  objects  with  which  those  co-ordinate  expressions  are  conversant ;  and 
to  the  minds  of  those  who  are  in  some  degree  familiar  with  "  lines  and 
curves  in  the  solid,"  the  significations  of  those  equations  by  which  the 
same  ideas  are  expressible  in  symbols. 

II. 

Fundamental  Principles  and  Definitions,  Modes  of  Representation 

AND  Notation. 

1.  The  peculiar  character  of  the  descriptive  geometry  consists  in  this: 
that  whilst  its  reasonings  are  respecting  geometrical  magnitudes,  any  how 
situated  in  space,  all  its  constructions  are  eficcted  by  lines  t,  situated  in 
one  plane,  and  having  specific  relations  to  the  given  magnitudes.  To 
effect  this,  the  method  of  projection  is  employed;  both  the  orthographic, 
and  the  scenographic  or  perspective. 

2.  A  point  is  said  to  be  projected  on  a  plane,  when  a  line  is  dravni 
through  it,  in  a  specified  manner,  to  cut  that  plane;  and  the  point  of 
intersection  is  called  the  projection  of  that  point;  and  the  line  itself  is 
called  the  projecting  line. 

3.  When  the  line  is  perpendicular  to  the  plane,  the  system  of  pro- 
jection is  called  the  orthographic  or  rectangular.  In  descriptive  geometry, 
the  rectangular  is  more  frequently  used  than  any  other  inclination  of  the 
projecting  line. 

4.  The  plane  upon  which  the  point  is  projected  is  called  the  plane 
of  projection. 

5.  To  fix  the  position  of  point,  its  projections  upon  three  planes 

•  This   is  generally   called  Analytical    desirable  to  be  more  careful  in  the  use  of 
Geometry,  after  the  French  writers,  who  in    terms, 
following   D'Alembert   in  calling  algebra  I 

by  the  name  of  Analysis,  have  created  |  -f-  By  the  term  line  is  to  be  understood 
some  confusion  in  the-  minds  of  young  j  not  only  the  straight  line,  but  any  curve- 
students  respecting  the  nature  of  analysis,  j  line  whatever,  whose  genesis  is  known. 
As  if  to  compensate  one  error  by  another  j  In  popular  language,  the  straight  line  alone 
equal  and  opposite  one,  all  mathemati-  i  is  called  in  a  line ;  but  in  science  a  line  is 
cians  have  been  called  Geometers.     It  is  !  the  boundary  of  any  surface. 
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must  be  known*.  No  two  of  these  planes  must  be  parallel,  in  this 
system  t.  In  general  they  are  so  taken  that  each  is  perpendicular  to  the 
other  two;  and  the  projecting  lines  to  one  plane  respectively  parallel  to 
the  intersection  of  the  other  two. 

6.  Two  of  these  planes  are  usually  taken,  the  one  parallel  to  the 
horizon,  and  the  other  perpendicular  to  it.  In  practice,  however,  it  will 
be  shown  that  one  of  these  three  vertical  planes  may  be  dispensed  with ; 
and  that  one  is  ahvays  employed,  whose  intersection  with  the  horizontal 
plane  is  parallel  to  the  top  and  bottom  of  the  drawing.  They  are  the 
same  planes  which,  in  practical  works,  are 
employed  for  the  plan  and  elevation,  or  sec- 
tion. The  line  of  intersection  is  called  the 
ground-line. 

7.  In  the  application  of  algebra  to  the 
projective  system,  the  line  of  intersection 
above  spoken  of  is  usually  marked  x  x/,  the 
line  of  intersection  perpendicular  to  it,  in 
the  horizontal  plane,  is  marked  y  y';  and  the 
line  of  intersection  of  the  two  vertical  planes, 
is  marked  z  z/;  and  the  three  projecting  lines 
of  the  point  parallel  to  these  three,  are  re- 
spectively denoted  by  x,  y,  z.     We  shall  de- 


JXi 


z/ 


•  We  have  said  known.  The  word  given 
is  employed  by  geometers  in  two  senses, 
which  do  not  always  precisely  agree  in  signi- 
iication:  viz.,  1.  to  signify  that  which  is 
actttally  given  amongst  the  conditions  of  the 
proposition ;  and  2.  to  signify  those  neces- 
sary consequences  of  the  conditions  which 
are  actually  given,  and  follow  from  them  by 
processes  of  construction,  or  reasoning, 
which  have  been  previously  established. 
In  the  general  processes  of  geometrical 
analysis,  this  difficulty  is  not  felt  by  expe- 
rienced reasoners ;  but  it  creates  great 
embarrassments  to  yoimg  students.  In 
the  present  case  two  projections  must  be 
given :  but  the  third  can  at  once  be  deduced 
from  them,  and  is  also,  in  common  with 
them,  therefore  known.  As,  however,  it 
is  sometimes  difficult  to  avoid  the  use  of 
terms  which  are  become  part  of  the  cur- 
rent language  of  science,  we  may  probably 
inadvertently  employ  the  word  given  in  its 
usual  signification  on  some  occasions.  We, 
therefore,  annex  the  usual  meanings  of  the 
word  amongst  writers  in  general. 

The  position  of  a  point  in  space  is  a  rela- 
tive idea.  Till  some  other  data  be  fur- 
nished in  relation  to  which  its  position  is 
to  be  considered,  we  cannot  say  that  its 
position  is  given :  but  when  those  are  given, 
the  point  is  given  in  position. 

A  geometrical  magnitude  is  said  to  be 
given  when  such  conditions  respecting  its 
figure,  magnitude,  and  position  are  given, 
as  shall  be  incompatible  with  any  other 


figure  different  from  itself,  in  any  of  these 
particular  respects. 

A  point,  having  position  but  not  magni- 
tude, is  given,  when  such  conditions  are 
given  as  shall  fix  its  position  absolutely. 

A  straight-line  is  said  to  be  given  in  po- 
sition when  two  points  through  which  it 
passes  are  given,  and  in  magnitude  when 
its  length  is  given;  and  in  magnitude  and 
position  when  the  two  extremities  of  it  are 
given. 

A  curve-line  is  said  to  be  given  when  its 
mode  of  genesis  is  given,  and  the  position 
and  magnitude  of  the  quantities  upon  which 
it  depends,  are  also  given. 

A  surface  is  given  when  its  genesis  is 
given,  and  the  position  and  magnitude  of  the 
quantities  on  which  they  depend,  are  given. 

In  all  these  cases,  it  is  obvious  that  by 
given  is  meant  determinable  rather  than 
determined — that  is,  fixed,  rather  than  ac- 
tually known.  Some  service  would  be  ren- 
dered to  geometry  by  a  little  change  in  this 
language ;  especially  as  the  same  word, 
given,  is  also  applied  to  those  points,  lines, 
or  surfaces  of  reference,  which  are  assumed 
as  those  in  respect  to  which  the  others  axe 
compared. 

■\  We  have  said  "  in  this  system,"  lest 
the  reader  should  suppose  that  the  point 
was  indeterminable  when  two  of  the  planes 
are  parallel,  which  would  be  an  erroneous 
supposition,  as  they  are  then  perfectly  de- 
terminate. However  the  projections  must 
be  upon  the  two  which  are  not  parallel. 
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note  the  co-ordinate  axes  in  the  same  manner  in  our  descriptive  geo- 
metry. 

The  three  lines,  x  x',  Y  Y-',  z  zf,  are  in  this  case  called  axes  of  co- 
ordinates, axes  of  reference,  or  co-ordinate  axes;  the  three  planes  are  called 
co-ordinate  planes;  and  the  lengths,  x,y,  z,  are  called  the  co-ordinates  of 
the  point.     In  the  former  case,  planes  of  projection. 

8.  The  polar,  perspective,  or  scenographic  projection  is  often  advan- 
tageously employed.  In  this  case  the  point  is  projected  by  a  line  drawn 
through  a  given  point,  or  pole,  upon  a  given  plane,  and  is  the  foundation 
of  perspective  representations.  Of  this  we  shall  speak  more  at  large 
hereafter,  in  showing  the  foundation  of  that  art,  and  the  modes  of  calcula- 
tion by  which  it  may  also  be  effected. 

9.  It  is  evident  that  if  we  can  project  a  point,  we  can  project  a 
second  upon  any  planes  whatever:  and  hence  that  we  can  project  the  line 
which  joins  them. 

^  It  is,  moreover,  easy  to  perceive 

that  the  projection  of  a  straight-line 
upon  any  plane,  is  the  same  with  the 
line  which  joins  the  projection  of  its 
extremities.  For,  conceive  two  points, 
situated  above  the  plane  represented  by 
the  paper,  and  pp^,  qq',  the  projecting 
lines,  and  p',  q,',  their  projections  them- 
' —        selves.     Now  the  two  lines,  pp'  and 

ISC  X 

QQ,^,  being  perpendicular  to  the  same 
plane,  are  parallel  to  one  another.  (Hutton's  Course*,  vol.  i.,  cor.  pr.  103, 
p.  339.) 

But  being  parallel,  they  are  in  the  same  plane,  by  the  definition  of 
parallels.  Hence  that  plane  will  intersect  the  plane  of  projection  in  a 
straight  line,  {Course  i.,  pr.89,)  or  the  line  joining  p'  q'  is  the  intersection 
of  the  projecting  plane  with  the  plane  passing  through  the  projecting 
lines  of  the  extremities  of  that  line.  Now  the  plane  p  p'  q,  q,'  passes 
through  the  perpendicular  p  p',  and  is  hence  perpendicular  to  the  plane 
of  projection.  (Course,  pr.  110.)  Hence  we  deduce  the  fact,  that  the  projec- 
tion of  a  given  line  upon  a  given  plane  is  the  intersection  of  that  plane 
made  by  another  plane  which  passes  through  the  given  line  perpendi- 
cularly to  the  former  one. 

10.  When  the  projections  of  a  point  upon  two  planes  are  given,  the 
position  of  the  point  itself  is  known. 

For  when  the  projections  are  given,  the  projecting  lines  are  also 
known ;  and  as  they  both  pass  through  the  projected  point,  their  inter- 
section determines  that  point. 


•  We  employ  Hutton's  Course  of  Mathe- 
matics as  our  book  of  reference  for  the 
theorems  respecting  the  intersections  of 
lines  and  planes,  for  several  reasons;  but 
chiefly  that  it  is  more  concise  than  Euclid's, 
and  equally  satisfactory  and  rigid  in  its 
demonstrations.  It,  moreover,  contains 
many  other  matters  which  will  be  inter- 
esting and  useful  to  the  class  of  readers  for 


whom  this  course  of  papers  is  more  imme- 
diately intended — especially  a  comprehen- 
sive and  familiar  treatise  on  the  numerical 
solution  of  equations  by  continuous  ap- 
proximation, invented  by  Mr.  Homer,  and 
drawn  up  in  the  most  simple  form  of  which 
it  appears  to  be  susceptible.  We  refer 
exclusively  to  the  11th  edition,  edited  by 
Dr.  Gregory. 
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11.  When  two  projections  of  a  line  are  given,  the  position  of  thfe 
line  itself  is  known. 

For  when  the  projections  are  given,  the  projecting  planes  are  known, 
and  as  they  both  pass  through  the  projected  line,  their  intersection  deter- 
mines that  line. 

12.  Straight-lines  and  planes  admit  of  indefinite  extension.  They 
are  said  to  be  given  in  position  in  this  case ;  but  in  magnitude  and  posi- 
tion, when  their  extremities  are  known,  given,  or  determinable.  When 
the  lengths  or  boundaries  only  are  known,  they  are  said  to  be  given  in 
magnitude.     (See  note  on  Art.  5.) 

13.  When  a  line,  whose  projection 

on  a  plane  is  given,  intersects  that  plane,  ^ 

the  part  before  the  plane,  if  a  vertical  ■■•.... 

one,  or  above  the  plane,  if  a  horizontal 
one,  is  visible  ;  and  the  parts  of  the  pro- 
jection which  represent  the  visible  is 
traced  in  full  line  ;  whilst  the  parts  of  the  projection  which  represent 
the  concealed  parts  of  the  line,  are  marked  in  dotted  or  broken  lines. 
Thus,  PR  or  p'r'  represents  the  projection  of  the  visible,  and  pq  orp'q' 
that  of  the  hidden,  part  of  the  line,  whose  projection  is  qr  or  (i'r'. 

14.  We  have  shown  in  Art.  1 0  that  two  projections  are  sufficient  for  the 
determination  of  a  point  or  straight-line,  and  from  this  it  may  be  inferred 
at  once,  that  two  projections  are  sufficient  for  the  determination  of  any 
curve-line,  however  it  be  situated  in  space,  since  it  is  sufficient  for  the 
determination  of  any  point  taken  arbitrarily  in  that  curve,  and  hence  for 
all  of  them,  or  for  the  whole  curve  which  is  their  path  or  locus. 

15.  If  a  plane  be  drawn  through  the  two  projecting  lines  of  any 
point,  it  will  be  perpendicular  to  the  intersection  of  the  planes  of  pro- 
jection. 

For  these  lines  are,  by  the  method  of  projection,  perpendicular  to 
the  planes  of  projection,  and  hence  the  plane  passing  through  them  is 
perpendicular  to  those  planes  {^Course,  pr.  110);  and  hence  again,  per- 
pendicular to  their  common  section  (pr.  110,  cor,  3),  or  in  other  words, 
to  the  ground-line,  (Art,  6.) 

16.  This  line  is  called  the  projecting  plane  of  the  point,  since  it  is 
the  plane  in  which  the  projecting  lines  of  that  point  are  situated ;  and 
its  intersection  with  the  planes  of  projection  are  called  the  projecting 
parallels,  since  they  are  respectively  parallel  to  the  projecting  lines,  that 
on  the  vertical  plane  to  the  vertical  projecting  line,  and  that  on  the  hori- 
zontal to  the  horizontal.  They  are  called,  therefore,  the  vertical  projecting 
parallel,  and  the  horizontal  projecting  parallel.  Sometimes,  simply  the 
vertical  parallel,  and  the  horizontal  parallel.  They  are  both  perpendi- 
cular to  the  ground-line.  (^Course,  pr.  110,  cor.  3.) 

17.  If  the  vertical  plane  of  projection  be  made  to  revolve  about  the 
ground-line  till  it  coincides  with  either  the  visible  or  hidden  portion  of 
the  horizontal  plane  of  projection  ;  or  the  horizontal  plane  revolves  about 
the  ground-line  till  it  coincides  with  the  vertical  one ;  then  in  both  cases 
the  vertical  projecting  parallel  will  coincide  either  by  superposition  or  con- 
tinuation, as  the  case  may  be,  with  the  horizontal  projecting  parallel, 
and  they  will  form  one  straight-line,  perpendicular  to  the  ground-line. 
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For  botli  the  projecting  parallels  being  perpendicular  to  the  ground- 
line,  they  form  with  it  two  right  angles  ;  and  when  the  planes  come  into 
coincidence,  these  two  lines  are  in  the  same  plane,  and  making  angles 
with  it  on  the  same  side  equal  to  two  right  angles,  they  form  one  straight- 
line. 

18.  If,  therefore,  we  draw  the 
ground-line  x'  o  x,  and  in  it  take 
from  o*  (some  fixed  point  from 
which  the  distances  are  estimated) 
the  part  o  G,  and  draw  p'  p"  per- 
pendicular to  the  ground-line ;  if, 
also,  we  take  g  p'  the  vertical  pro- 
jecting parallel,  and  G  p"  the  hori- 
zontal one ;  we  shall  then  have 
the  point  p  perfectly  defined  by  the 
lines  o  G,  g  p'  and  g  p".  In  this, 
OG  is  the  distance  of  the  point 
from  the  plane  y  z,  g  p'  is  its  distance  from  the  plane  x  Y,  and  g  p"  is 
its  distance  from  the  plane  x  z.  Of  these  we  shall  have  rarely  occasion 
to  mention  o  g,  and  the  other  two  are  called  the  hoiizontal  distance  of 
the  point  p,  and  the  vertical  dista7ice  of  the  same  point. 

19.  In  conformity  with  the  method  of  notation  here  employed,  we 
shall  hereafter  designate  the  ground-line  by  x'  x  (or  sometimes  o  x),  the 
vertical  projection  of  points  (which  in  their  own  places  in  space  are 
denoted  by  p,  q,  r,  &c  ,)  by  p',  q,',  r',  &c.,  and  their  horizontal  projec- 
tions by  p",  q",  r",  &c. 

20.  The  intersection  of  one  plane  mth  another,  considered  as  being 
situated  in  the  latter,  is  called  the  trace  of  the  former  plane  upon  the  latter, 
or  simply  the  trace  of  that  plane. 

21.  When  the  traces  of  a  plane  upon  the  planes  of  projection  are 
given,  the  plane  itself  is  given;  since  no  other  plane  different  from  this 
can  make  those  traces. 

22.  Most  of  the  mental  and  practical  processes  with  respect  to  points 
and  lineSj  are  effected  by  means  of  these  projections,  whilst  those  respecting 
planes  are  effected  by  means  of  their  traces  upon  the  planes  of  projection. 

23.  The  planes  of  projection,  when  brought  into  coincidence  (as  in 
art.  17>)  being  considered  as  one,  we  shall  denominate  it  the  compoufid 
plane,  or  picture  plane. 

Having  now  stated  the  objects  we  have  in  view,  and  explained  the 
signification  of  the  terms  we  employ,  together  with  brief  demonstrations 
of  their  propriety  in  a  geometrical  sense,  we  shall,  in  our  next  number, 
proceed  to  the  solution  of  a  few  elementary  problems  respecting  the 
straight- line,  plane,  and  dihedral  angle.  We  shall  afterwards  give  a 
series  of  applications  of  these  constructions  to  practical  purposes  before 
we  enter  upon  the  more  intricate  inquiries  to  which  descriptive  geometry 
is  applicable. 


*  The  line  Z  Z',  drawn  through  O  in  this  perpendicular  to  the  ground-line,  is  identi- 
cal with  the  trace  (next  def.)  of  the  plane  which  has  been  omitted,  or  that  which,  in 
Art.  7,  was  called  the  plane,  Y  Z. 
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One  of  the  most  involved  and  complicated  problems  ever  proposed 
to  the  ingenuity  of  man,  was  the  problem  of  the  Heavens,  A  hollow 
concave  above  him,  the  whole  of  whose  surface,  go  where  he  may, 
is  apparently  at  the  same  comparatively  small  distance  from  him ;  the 
sun  taking  his  journey  across  it,  in  a  path  which  is  not  daily  the  same, 
returning  day  after  day  through  some  unknown  region,  to  flood 
again  the  vast  canopy  of  the  heavens  with  light ;  stars  seen  in 
thousands  at  night,  on  this  vast  canopy,  moving  with  one  common  motion 
slowly  across  it,  between  night-fall  and  day-break ;  this  host  of 
stars,  different  at  different  seasons  of  the  year,  but  the  same  at  the  same 
season,  preserving,  in  the  general  alteration  of  their  position,  their 
relative  distances;  except  six  of  them,  which  wander  about  among  the 
rest  with  a  most  devious  motion,  and  are  therefore  called  planets ;  the 
moon,  too,  moving  with  the  common  daily  motion  of  the  rest  of  the  host 
of  heaven,  but,  besides,  revolving  completely  through  it  every  month ; 
Winter,  Spring,  Summer,  and  Autumn,  connecting  themselves  somehow 
with  the  variations  of  the  daily  path  of  the  sun,  and  returning  year 
after  year  at  their  appointed  seasons;  and  eclipses  of  the  sun  and  moon 
dependent  by  some  inscrutable  relation  upon  relative  positions  of  the  sun 
and  moon ; — all  these  things  requiring,  as  they  must  have  done  and  did,  a 
great  length  of  time,  and  much  and  patient  observation  to  discover,  con- 
stitute in  their  aggregate  a  relation  of  phenomena  which  as  far  surpasses 
any  other  yet  unravelled  by  the  higher  researches  of  the  human  intellect, 
in  its  complication,  and  the  vastness  and  dignity  of  the  truths  which  it 
embraces,  as  in  the  simplicity  of  its  results. 

The  sphere  of  the  heavens  has  been  hitherto  spoken  of  as  fixed  and 
immoveable  in  space ;  and  as  having  in  its  centre  the  EARTH, — of  di- 
mensions infinitely  small  and  evanescent  with  regard  to  it — rolling  per- 
petually round  one  of  its  own  diameters,  but  never  moving  its  centre 
from  that  of  the  great  quiescent  sphere  of  the  visible  heavens.  The 
reader  is  now  about  to  learn  that  this  description  of  the  position  of  the 
earth  in  space  is  incorrect : — that  it  does  not  occupy  continually  the 
same  position  in  the  centre  of  the  sphere  of  the  visible  heavens — that 
its  centre,  and  the  axis  within  itself  about  which  its  revolution  takes 
place,  are  not  at  rest — that  these  are  in  fact  moving  at  the  rate  of  about 
19  miles  in  each  second  of  time — that  this  motion  is  not  directly  forward 
in  space,  but  continually  round  in  a  curve  which  returns  into  itself,  and 
which  is  very  nearly  a  circle,  whose  radius  is  ninety-five  millions  of  miles 
— that  nevertheless  this  enormous  circle  of  the  earth's  revolution  is  itself 
as  nothing  in  its  dimensions  compared  with  the  dimensions  of  the  great 
sphere  of  the  visible  heavens,  so  that  the  motion  of  the  earth  from  the 
centre  of  that  sphere,  may  be  considered  evanescent  as  compared  with 
the  radius  of  the  sphere,  and  everything  which  occurs  with  regard  to 
the  fixed  stars,  as  occurring  precisely  as  it  would  occur  if  the  earth's 
centre  were  really  quiescent  in  space.     Thus,  then,  whatever  has  been 
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argued  from  the  appearances  of  the  fixed  stars,  on  the  hypothesis  of  the 
quiescence  of  the  centre  and  axis  of  the  earth  in  space  is  accurate, 
although  this  hypothesis  he  false. 

Besides  the  stars  called  fixed,  because  they  retain  always  their 
positions  with  respect  to  one  another  on  the  sphere  of  the  heavens,  there 
are  other  bodies  visible  on  it,  whose  position  does  not  appear  to  be 
fixed,  either  in  reference  to  one  another  or  to  the  fixed  stars;  these  are 
the  sun,  moon,  and  planets — these,  it  will  now  be  shown,  lie  greatly  nearer 
to  us  than  the  fixed  stars,  and  thus  within  that  great  sphere  which  has 
been  hitherto  designated  the  sphere  of  the  heavens — they  describe 
enormous  ellipses  in  space,  which  are  yet  so  small  in  comparison 
with  the  dimensions  of  that  sphere,  that  they  may  be  considered  scarcely 
to  deviate  from  its  centre,  and  that  thus,  infinitely  great  in  themselves, 
but  infinitely  small  in  comparison  with  the  distance  of  the  stars,  they  are 
all  described  round  one  common  focus,  very  near  to  which  lies  the 
centre  of  the  sun. 

The  process  of  reasoning  by  which  the  complicated  apparent 
motions  of  the  sun,  moon,  and  planets,  are  made  to  resolve  themselves 
into  these  few  real  and  elementary  motions,  is  one  of  the  highest  and 
most  successful  efforts  that  has  ever  been  made  by  the  intellect  of  man. 

If  the  heavens  be  watched  from  night  to  night,  continual  alteration 
of  the  positions  of  the  planets  among  the  fixed  stars  will,  from  such 
observations,  continued  for  a  few  nights,  be  very  plainly  perceived ;  the 
planet  Jupiter,  for  instance,  being  seen  one  night  in  the  neighbourhood  of  a 
particular  fixed  star,  will  on  the  next  be  found  slightly  to  have  receded 
from  it,  the  space  of  a  week  will  produce  a  very  marked  separation,  a  month 
will  have  taken  it  completely  away  from  it,  and  a  year  will  pi-obably  have 
carried  it  into  some  opposite  quarter  of  the  heavens — into  the  discussion  of 
these  apparent  motions  of  the  planets,  which  are  very  remarkable,  we 
shall  not  at  present  enter — it  is  enough  here  to  state  the  fact,  that  there 
are  such  motions,  and  that  they  do  not  take  place  irregularly  and 
towards  all  parts  of  the  heavens,  but  that  they  are,  for  the  most  part, 
confined  to  a  certain  zone  or  belt  of  it,  about  J  8°  in  vndth.  This 
zone,  or  belt  of  the  heavens,  is  called  the  zodiac.  A  line  drawn 
along  its  centre  would  be  a  great  circle  of  the  heavens,  and  would 
cut  the  equinoctial  at  an  angle  of  23°  28'. 

The  moon,  too,  takes  her  wandering  solitary  course  eastward  along 
this  zone  in  the  heavens.  And  her  broad  disc  is  continually  seen 
covering  and  passing  over  the  stars  which  lie  along  her  path.  Her 
motion^  although  somewhat  irregular,  is  very  rapid,  being  upwards  of 
13°  in  24  sidereal  hours,  or  nearly  half  a  degree  every  hour,  so  that 
she  may  almost  be  seen  to  move  among  the  stars. 

Now  the  question  at  once  suggests  itself,  does  the  sun  too  move,  or 
appear  to  move  over  the  concave  of  the  heavens  in  which  he,  as  well  as  the 
moon  occupies  a  place,  or  does  he  remain  in  a  fixed  position  amongthe  stars? 
This  question  cannot  be  determined  in  reference  to  the  sun,  as  we  deter- 
mine it  of  the  moon — we  cannot  see  the  sun's  motion  among  the  stars, 
for  when  the  sun  is  up,  the  stars  are  to  the  naked  eye  invisible ; — how 
is  it  then  determined  ?  Thus  : — If  the  sun  were  apparently  fixed  like  the 
stars,  the  time  intervening  between  the  passage  of  the  meridian  of  any 
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particular  place  over  the  sun,  and  its  return  to  the  sun  again,  would  evi- 
dently be  precisely  equal  to  the  time  of  its  passage  over  a  fixed  star,  and 
its  return  to  that  fixed  star  again.  Now^  this  is  not  the  case.  One  of 
these  periods  is  called  a  solar,  and  the  other  a  sidereal  day,  and  the  solar 
day  is  not  of  the  same  length  with  the  sidereal  day,  it  is  always  longer 
than  it ;  that  is,  the  meridian  of  any  place  on  the  earth's  sui-face,  always 
revolves  from  a  fixed  star  to  that  star  again,  sooner  than  it  revolves  from 
the  sun  to  the  sun  again.  The  sun  then  does  not  remain,  or  appear  to 
remain,  fixed  like  the  stars,  on  the  sphere  of  the  heavens,  it  moves  in 
the  same  direction  in  which  the  meridian  moves,  the  meridian  arriving  at 
the  place  in  the  heavens  where  the  sun  was  on  the  preceding  day,  before  it 
arrives  at  the  sun.  Now  the  meridian  revolves  with  the  earth  eastward, 
the  apparent  motion  of  the  sun  on  the  sphere  of  the  heavens  is  therefore 
eastward. 

And,  moreover,  the  amount  of  this  daily  motion  of  the  sun  eastward 
may  readily  be  found ;  we  have  only  to  subtract  a  sidereal  day  (that  is, 
the  time  Avhich  the  meridian  occupies  in  revolving  from  the  sun  on  one 
day  to  the  same  place  in  the  heavens  on  the  next)  from  a  solar  day,  or 
the  time  of  the  revolution  of  the  mertdian  from  the  sun  on  one  day  to  the 
place  which  the  sun  actually  occupies  in  the  heavens  on  the  next  day.  The 
difference  will  be  the  time  which  the  meridian  has  occupied  in  revolving 
from  the  sun's  place  on  the  preceding  day  to  its  place  on  this  day,  this 
difference  Avill  be  found  different  for  different  days  in  the  year,  but  its 
average  is  3'  56^"  of  sidereal  time.  This,  then,  is  the  mean  sidereal  time 
which  the  meridian  occupies  in  revolving  from  the  sun's  place  on  one  day 
in  the  heavens  to  its  place  on  the  next  day.  Now  the  meridian  revolves 
through  the  whole  360°  of  the  heavens  in  24  sidereal  hours,  or  over  15*^  of 
it  in  one  sidereal  hour;  it  revolves  therefore,  as  may  readily  be 
found  by  the  rule  of  three,  over  an  arc  of  59'  8"  in  this  3'  56|"  of  time  ; 
and  therefore  the  sun's  place  on  the  second  day  is  59'  8"  more  to  the  east 
than  on  the  first  day,  or  its  daily  motion  is  59'  8"  eastward.  But  an 
arc  of  59'  8"  being  multiplied  by  365^  will  give  us  360°.  In  365^  days, 
therefore,  the  sun  will  have  revolved  eastward  on  the  sphere  of  the 
heavens  through  360°,  that  is,  completely  round  it — this  period  is  one 
solar  year. 

The  sun,  then,  although  we  cannot  see  him  moving  on  the  heavens, 
there  being  no  fixed  object  visible  upon  them  when  the  sun  can  be  seen 
to  which  we  can  refer  his  motion,  does  yet  present  the  same  phenomena 
as  though  he  moved  continually  like  the  moon  eastward  among  the  stars, 
except  that  instead  of  completing  his  revolution,  as  the  moon  does,  in  one 
lunar  month,  his  gyration  takes  him  a  whole  year. 

But  what  path  does  he  describe  in  the  heavens;  he  revolves  round 
them,  but  in  what  route  ?  As  we  cannot  see  him  among  the  fixed  stars, 
how  shall  we  find  out  his  course?  Thus: — We  may  find  out  as  is  now  to 
be  shown,  what  declination  circle  he  is  on  for  every  day  of  the  year  at 
noon,  and  also  we  may  find  what  is  his  declination,  that  is,  we  may  find 
where  he  is  on  his  declination-circle.  Knowing  these  two  elements,  we 
shall  know  his  exact  position  on  the  sphere  of  the  heavens,  and  referring 
to  a  celestial  globe  or  chart,  we  shall  tell  what  stars  are  in  his  neighbour- 
hood. 
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The  declination-circle  on  which  the  sun  is,  may  be  found  thus: — 
let  the  exact  time  of  the  meridian  passing  over  the  sun's  centre  on  any 
day  be  noted — now  •  that  meridian  we  know  will  return  to  its  place  in 
the  heavens,  or  revolve  through  360°,  in  24  sidereal  hours,  it  will  therefore 
revolve  through  180°  in  12  sidereal  hours.  Let  us  then  observe  what 
stars  the  meridian  is  passing  over  precisely  12  sidereal  hours  after  our 
first  observation ;  we  shall  know  that  these  stars  are  180°  from  the  sun's 
place  on  the  preceding  noon :  counting,  therefore,  off  180°  westward,  on 
the  equinoctial  of  a  globe  from  that  declination-circle  on  which  are  these 
stars,  we  shall  know  that  the  sun  was  on  the  declination-circle  which 
passes  through  the  point  which  we  thus  find  on  the  preceding 
noon. 

Again,  to  determine  the  declination  of  the  sun,  we  have  only  to  find,  by 
observation,  his  meridional  zenith  distance, 
z  s,  and  subtract  it  from  the  latitude,  z  H, 
the  remainder  will  be  the  declination  H  s. 
Finding  thus  the  declination  of  the  sun, 
and  the  position  of  his  declination-circle 
for  the  noon  of  every  day  in  the  year,  we 
can  mark  on  the  celestial  globe  his  posi- 
tion for  every  day,  and  joining  these  posi- 
tions,we  shall  obtain  his  path  on  the  sphere 
of  the  heavens.  Now,  all  this  has  been 
carefully  done  and  the  apparent  path  of  the 
sun  among  the  fixed  stars  is  traced  on  all 
our  celestial  globes.  The  sun  is  thus  ascertained  to  have,  in  common  with 
the  moon  and  planets,  its  path, called  the  Ecliptic,  along  that  zone  or  belt  of 
the  heavens  which  we  have  called  the  zodiac;  it  is  a  great  circle  of  the 
sphere,  constituting  in  point  of  fact  the  centre  of  that  belt  which  stretches 
9°  on  either  side  of  it.  The  ecliptic  is  inclined  to  the  equinoctial,  at  such  an 
angle,  that  at  the  greatest  separation  of  these  circles  there  are  23°  18' 
interval  between  them,  measured  on  one  of  the  declination-circles  of  the 
sphere.  Along  this  path  in  the  heavens  the  sun  would  appear  to  us  to 
move,  as  the  moon  does,  among  the  fixed  stars,  were  it  not  that,  by  the 
superior  brilliancy  of  the  sun,  the  stars  are  invisible  to  the  naked  eye  so 
long  as  he  is  above  the  horizon. 

The  sun  and  moon  both,  then,  have  an  apparent  motion  round  the 
earth,  the  one  in  a  year,  and  the  other  in  a  month.  It  is  now  to  be 
shown  that  this  apparent  motion  of  the  sun  round  the  earth  is  not  a 
real  motion  of  the  sun,  but  that  it  results  from  a  real  motion  of  the  earth 
round  the  sun ;  and  further,  that  the  apparent  motion  of  the  moon  is 
a  real  motion,  resulting  from  an  actual  monthly  revolution  about 
the  earth. 

In  the  first  place,  then,  it  is  asserted  that  a  real  motion  of  the  earth 
round  the  sun  would  produce  precisely  those  appearances  which  we 
observe  in  the  heavens,  and  which  have  been  attributed  to  an  annual 
motion  of  the  sun  along  that  line  which  has  been  called  the  ecliptic. 

Let  A,  B,  c  be  positions  of  the  earth,  in  an  orbit  which  it  is  sup- 
posed to  describe  about  the  sun,  at  intervals  each  of  a  sidereal  day.  Also 
let  A  p,  B  p,  c  p,  be  lines  drawn  from  a  certain  fixed  star  to  a  particular 
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place  on  the  earth's  surface.  Since  the  star,  p,  is  infinitely  distant,  the 
lines  A  p,  B  p,  c  p,  may  be  considered  parallel.  Suppose  the  meridian,  m,  of 
this  place  to  be  in  the  position  a  of  the  earth,  in  the  act  of  passing  over 
this  star;  then,  since  there  is  an  interval  of  a  sidereal  day  between  the 
positions  A  and  b,  the  meridian  of  the  same  place  will  be  passing  over 
the  star  in  the  position  B,  and  similarly  in  the  position  c.  Now,  let  s  be 
the  sun,  supposed  to  lie  about  the  centre  of  the  earth's  orbit,  and  at  a  finite 
distance  from  it  as  compared  with  the  distance  of  the  fixed  stars.     Let 
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the  small  sphere  described  round  a,  as  a  nucleus,  represent  the  sphere 
of  the  visible  heavens  in  that  position  of  the  earth,  or  let  it  represent 
that  sphere  to  which  a  spectator  refers  the  positions  of  all  the  heavenly 
bodies,  and  on  which  he  imagines  them  to  be  distributed.  And  let  the 
spheres  round  B  and  c  be  similarly  interpreted.  At  A  the  observer,  at  the 
place  which  we  have  supposed,  will  see  the  star  p  on  his  meridian  at  m*, 
and  the  sun  at  the  same  time  on  the  meridian ;  at  B  he  will  see  the  star 
at  N,  and  the  siui  at  k  ;  and  at  c  the  sun  will  be  at  l,  and  the  star  at  r  ; 
thus  it  is  manifest  that  every  time  the  star  comes  upon  the  meridian, 
the  sun  will  appear  to  have  receded  further  from  it  than  at  the  preceding 
transit,  describing  arcs  n  k,  L  r,  of  a  circle,  formed  by  the  intersection  of 
the  plane  of  the  earth's  motion  with  the  surface  of  the  visible  heavens. 

It  will  be  observed  that  although  the  spheres  to  which  an 
observer  refers  the  positions  of  the  heavenly  bodies,  and  which  con- 
stitute his  visible  heavens,  are  in  different  positions  of  the  earth 
different;  nevertheless,  they  appear  to  him  the  same,  because  the 
stars  which  cover  them,  by  reason  of  their  immense  distance,  do  not 
alter  their  relative  positions  upon  them.  Thus,  then,  the  sun  will  appear 
to  describe  a  circle  among  the  stars,  which  circle  is,  in  point  of  fact,  the 
intersection  of  the  plane  of  the  earth's  orbit  -with  that  sphere  of  the  visible 
heavens,  which,  in  every  one  of  its  positions,  appears  to  surround  the 

*  He  18  supposed  to  have  a  telescope  powerful  enough  to  show  him  the  stars  in  the 
day-time. 
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observer.  This  circle  being  then  supposed  to  be  the  ecliptic, — that  is,  the 
intersection  of  the  plane  of  the  earth's  orbit  with  the  sphere  of  the  heavens 
being  supposed  to  be  the  ecliptic,^ — all  tlie  phenomena  of  the  apparent 
annual  motion  of  the  sun  through  this  ecliptic  are  explained  by  an  annual 
revolution  of  the  earth  about  the  sun  in  that  orbit. 

Here,  then,  as  in  the  case  of  the  solar  day,  are  two  hypotheses, 
both  of  which  explain  the  phenomena  of  the  solar  year:  according  to  one, 
the  sun  revolves  about  the  earth  every  year,  in  the  middle  of  that  band  of 
the  heavens  called  the  zodiac; — according  to  the  other,  the  earth  revolves 
about  the  sun  every  year,  having  for  the  plane  *  of  its  revolution  a  plane 
which  cuts  the  sphere  of  the  heavens  in  the  ecliptic. 

Between  these  two  hypotheses  we  have  to  choose.  To  that  of  the 
annual  revolution  of  the  sun  about  the  earth,  there  are  objections  pre- 
cisely similar  to  those  which  were  adduced  in  the  case  of  its  apparent 
diurnal  revolution.  It  is  ninety-five  millions  of  miles  from  us,  and  its 
bulk  is  more  than  one  million  times  greater  than  that  of  the  earth.  Now, 
if  it  revolve  round  the  earth  in  a  year,  this  huge  mass  must  sweep  through 
space  at  the  rate  of  about  1200  miles  in  every  minute  of  time.  This  rapid 
revolution  of  an  immensely  large  body  about  one  which  is  in  com- 
parison with  it  infinitely  small,  at  once  strikes  us  as  an  improbability; 
it  is  more  than  this,  it  is  a  mechanical  impossibility,  as  will  plainly  be 
perceived  when  w^e  come  to  treat  of  the  laws  of  physical  astronomy. 

Again,  such  are  the  motions  of  those  other  bodies  which  we  have 
called  w^andering  stars  or  planets,  and  which  w^e  shall  discuss  hereafter, 
as  incontrovertibly  to  prove  that  these  revolve  each  in  an  orbit  about  the 
sun;  also  their  magnitudes  may  be  ascertained  by  direct  trigonometrical 
admeasurement,  and  many  of  them  are  thus  found  to  be  greatly  larger 
than  the  earth.  On  the  hypothesis  we  are  discussing,  not  only,  then,  must 
the  huge  sun  revolve  continually  with  prodigious  velocity  about  our  earth, 
but  the  whole  host  of  planets  which  accompany  and  revolve  continually 
round  him,  and  which  are,  many  of  them,  as  it  respects  magnitude,  far  more 
important  elements  of  the  material  universe  than  our  earth  is,  must 
nevertheless,  together  with  the  sun,  and  in  combination  with  their 
motion  round  it,  sweep  with  it  in  a  perpetual  circle  round  the  earth. 

It  is  a  curious  psychological  fact,  strongly  illustrative  of  that  way- 
wardness and  perversity  of  judgment  of  which  we  are  all  more  or  less  the 
victims,  that  a  philosopher,  a  laborious  observer,  and  a  man  of  considerable 
mathematical  learning,  was  once  found  to  take  up  this  strange  compli- 
cated hypothesis.  The  phenomena  of  the  heavens  were  thus  explained 
by  Tycho  Brahe,  a  Danish  philosopher,  the  contemporary  of  Kepler,  and 
the  author  of  a  very  valuable  catalogue  of  the  fixed  stars. 

Again  (to  accumulate  all  the  evidence  on  this  point)  it  has  been 
shown  that  the  earth  has  a  daily  motion  upon  its  axis.  Now  this 
fact  of  its  daily  motion  renders  also  its  annual  motion  highly  probable. 
A  probability  founded  on  this  other ;  that  if  there  be  two  modes  of 
explaining  any  phenomenon  of  nature,  then  cceteris  paribus,  that  is 
the  most  probable  which  is  the  most  simple.     For  by  what  we  observe 

•  By  the  plane  of  the  revolution  of  the     tions  of  the  earth  from  its  centre  to  the  cen- 
earth,  is  here  meant  a  plane  in  which  are     tre  of  the  sun. 
found  all  the  lines  drawn  in  different  posi- 
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in  the  creation  around,  we  are  forced  upon  the  conviction  that  the 
Almighty  acts  in  this  respect  with  that  economy  of  creative  energy, 
which,  although  infinitely  more  perfect  in  its  degree,  has,  nevertheless,  its 
yisible  type  in  that  husbandry  of  our  resources,  that  disposition  to 
economy  in  our  efforts,  which  impels  us  always  to  avail  ourselves  of 
the  simplest  possible  means  of  effecting  all  that  we  wish  to  do. 

Thus,  when,  in  reasoning  upon  any  hypothesis,  we  are  forced  back 
upon  final  causes,  it  is  sound  philosophy  to  judge  of  the  probability  of 
that  hypothesis  according  to  the  simplicity  or  complication  of  the  final 
causes  to  which  we  are  thus  compelled  ultimately  to  refer  it.  If,  for 
instance,  there  be  two  hypotheses,  by  one  of  which  we  shall  be  compelled 
to  fall  back  upon  a  double  operation  of  the  hand  of  the  Almighty, 
whereas  the  other  resolves  itself  into  a  single  effort  of  his  will,  then  is 
the  latter  hypothesis,  according  to  the  analogy  of  nature,  more  probable 
than  the  former,  and  that  inpinitp:ly. 

Now,  as  has  been  before  explained,  a  motion  of  rotation  having 
been  communicated  to  the  earth,  it  must  also,  in  consequence  of  the 
force  applied  to  communicate  this  motion,  have  had  further  a  motion  of 
translation,  unless  another,  or  second  force,  had  been  communicated  to 
it  in  a  direction  through  its  centre,  precisely  equal  to  the  first  force,  and 
parallel  to  it,  but  in  an  opposite  direction ;  thus  having  as  it  has  a  motion 
of  rotation,  if  in  other  respects  it  be  at  rest,  the  earth  must,  in  the 
beginning,  have  had  two  distinct  impulses  communicated  to  it  from  with- 
out, in  opposite  and  parallel  directions,  and  at  different,  but  not  opposite 
points  of  its  surface*. 

Again,  this  hypothesis  of  the  quiescence  of  the  earth  in  space,  involves 
necessarily  the  revolution  of  the  sun  about  it;  a  third  impulse,  therefore, 
must  be  supposed  to  have  communicated  this  motion  to  the  sun.  Rea- 
soning, then,  upon  the  hypothesis  of  the  sun's  annual  revolution,  we  are 
obliged  to  fall  back  upon  three  final  causes,  three  distinct  operations  of 
the  Deity,  whereas  the  opposite  hypothesis  of  the  annual  revolution  of 
the  earth  subjects  the  whole  of  the  phenomena  to  one.  One  will,  one 
impulse,  one  developement  of  the  powers  of  Him  who  spake  and  it  was 
done. 

This  argument  (and  indeed  every  one  of  those  which  have  yet  been 
set  before  the  reader)  is  perhaps  in  itself  conclusive.  Different 
arguments  in  proof  of  the  revolution  of  the  earth,  have  been  adduced 
rather  because  it  may  be  considered  necessary  to  a  knowledge  of 
astronomy,  that  the  reader  should  be  put  in  possession  of  all  that  has 
been  said  on  the  subject,  than  because  it  is  thought  that  the  argu- 
ments are  in  any  way  necessary  to  support  one  another.  The  accumulation 
of  proofs,  any  one  of  which  is  sufiicient,  does  not  perhaps  in  reality  consti- 


*  It  has  been  calculated  by  Bernouilli, 
that  the  single  impulse  by  which  the 
earth  was  made  to  revolve  upon  its  axis 
in  the  time  which  we  know  it  to  revolve, 
and  at  the  same  time  to  move  forward  in 
space  as  we  know  it  to  move,  must  have 
been  communicated  to  it  in  a  direction 
perpendicular  to  the  line  drawn  from  it  to 
the  sun,  at  a  distance  further  from  the  sun 


than  the  earth's  centre  is,  by  about  the  j  ^  j 
part  of  the  earth's  radius,  or  at  a  distance 
about  25  miles  further  from  the  sun  than 
the  centre  of  the  earth  is.  Similarly  the 
impulse  communicated  to  Mars  must  have 
been  at  a  distance  of  jjj  of  its  radius 
from  its  centre — that  of  Jupiter  of  ^'5,  and 
that  of  the  moon  at  3^5, 
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tute  any  accumulation  of  evidence;  on  the  contrary,  it  is  perhaps  more  ac- 
cording to  experience,  to  assert  that  everything  in  the  shape  of  proof  which 
is  added  to  that  which  is  already  proved,  tends  to  weaken  its  authority. 
The  evidence  on  this  point  is,  however,  too  strong  to  be  shaken  by  any 
method  of  arguing  upon  it,  however  illogical ;  yet  another  proof  of  the 
annual  revolution  of  the  earth  will  therefore  now  be  added. 

Whatever  may  be  the  true  explanation  of  the  phenomena  of  light, 
certain  it  is,  that  their  origin  and  mode  of  operation  is  subject  to  the 
usual  and  known  laws  of  mechanical  action.  The  perception  of  light  is 
the  effect  on  impulse^  somehow  or  another  taking  effect  on  the  nerves 
which  belong  to  the  retina  of  the  eye.  Now  this  being  the  case,  it  is 
manifest  that  the  effect  of  that  impulse  may  be  modified  by  the  circum- 
stances under  which  the  eye  is  placed.  If,  for  instance,  the  eye  be  at 
rest,  the  effect  of  the  impulse  on  the  eye  and  the  resulting  perception  of 
light,  vdll  be  in  the  same  direction  as  that  in  which  the  impulse  is  made. 
If  it  be  in  motion,  and  the  velocity  of  its  motion  bear  any  finite  relation 
to  the  velocity  of  the  impulse  of  the  light,  then  the  effect  on  the  eye,  and 
the  consequent  perception  of  light,  Avill  not  be  in  the  direction  of  the 
impulse  of  the  light,  but  in  a  direction  compounded  of  the  direction  of 
the  eye's  motion,  and  the  direction  of  the  impulse  of  the  light. 

Thus,  if  a  person  standing  at  rest  be  struck  by  a  ball  obliquely  from 
above,  he  will  feel  the  blow  in  the  direction  in  which  the  ball  moves ;  but 
if  he  be  in  motion,  the  direction  in  which  he  feels  the  blow  will  be  com- 
pounded of  that  of  the  ball,  and  that  of  his  ovni  motion. 

We  may  thus  ascertain  what  that  compounded  direction  will  be. 
Let  us  suppose  a  motion  equal  to  that  of  the  man  to  be  communicated 
both  to  him  and  to  the  ball,  at  the  same  instant  of  time,  but  both  in  a 
direction  precisely  opposite  to  the  man's  actual  motion — the  same  motion  » 
being  communicated  to  both  man  and  ball,  the  effect  of  the  ball  upon  the 
man  will  not  be  altered  by  this  motion  thus  added  to  it.  But  the  man, 
having  now  impressed  upon  him  a  motion,  equal  and  opposite  to  that 
with  which  he  is  already  moving,  -will  thus  be  brought  to  rest,  and  the 
ball  vdll  have  two  motions  communicated  to  it,  in  virtue  of  which  it  will 
move  in  the  direction  of  the  diagonal  of  the  parallelogram  whose  adjacent 
sides  represent  these  motions  ;  thus,  then,  its  effect  upon  the  man  now 
brought  to  rest  will  be  in  the  direction  of  that  diagonal ;  also,  by  the 
hypothesis  by  which  we  have  brought  him  to  rest  we  have  not  altered 
the  effect  of  the  ball  upon  him  ;  restoring,  therefore,  the  circum- 
stances of  our  first  hypothesis,  the  effect  of  the  ball  upon  the  man  in 
motion,  will  be  in  the  direction  of  the  diagonal  of  the  parallelogram,  one 
of  whose  sides  represents  the  motion  of  the  ball,  and  the  other  the  motion 
of  the  man. 

If  the  direction  of  his  motion  be  towards  that  from  which  the  ball 
comes,  the  effect  will  therefore  be  in  a  direction  still  more  inclined 
downwards  than  the  actual  direction  of  motion  of  the  ball,  and  if  it  be 
from  that  direction  it  will  be  more  inclined  upwards.  Thus  let  him  be 
moving  in  the  direction  AC,  so  as  to  describe  ac  in  one  second  of  time, 
and  let  the  ball  describe  ba  in  one  second  of  time.  Then  communicating 
to  the  ball  and  to  the  man  the  motion  ca,  equal  and  opposite  to  ac,  the 
man  v^ill  be  brought  to  rest,  and  the  ball  will  have  the  two  motions  ca 
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and  BA  communicated  to  it,   and  will  move  in  the  direction  da.     It  is 
therefore   in  this  direction,   which  is  lower  than  its  proper   direction, 


~,JB 


/  / 


that  it  actually  takes  effect.  Similarly,  if  it  had  come  from  behind  in 
the  direction  ea,  it  would  have  produced  its  effect,  when  combined  with 
the  motion  of  the  man,  in  the  direction  fa,  which  is  higher  than  its 
proper  direction.  Now  for  the  impulse  of  the  ball,  let  us  substitute  that 
of  a  wave  of  light,  and  let  us  suppose  the  spectator  to  be  borne  along 
with  a  velocity  which  has  a  certain  finite  proportion  to  that  of  the 
propagation  of  such  a  wave  of  light.  The  effect  of  the  motion  of  the 
spectator  on  the  direction  in  which  the  impulse  of  the  light  is  per- 
ceived, will  be  precisely  like  that  of  the  ball.  If  he  is  borne  towards 
the  object  which  is  the  origin  of  the  wave,  the  direction  in  which 
the  impulse  is  perceived  will  be  lower,  and  ii  from  it,  higher  than 
that  in  which  it  actually  comes,  and  thus  the  objects  towards  which  he 
is  moving  will  appear  lower  to  him,  and  those  from  which  he  is  moving 
higher  than  they  really  are.  If,  then,  the  earth  move  in  its  orbit,  and  if 
the  velocity  of  its  motion  bear  any  finite  proportion  to  the  velocity  with 
which  the  light  of  the  fixed  stars  is  propagated  to  an  observer  on 
the  earth's  surface,  then  those  towards  which  the  earth  is  moving  in 
her  orbit  vdll  always  appear  to  him  lower  than  they  really  are,  and 
those  from  which  she  is  moving  higher.  And  if  she  is  not  moving 
with  any  such  velocity,  then  the  light  of  the  stars  will  appear  to  come 
to  him  in  the  direction  in  which  it  actually  does  come,  and  the  stars 
will  not  appear  higher  when  the  earth's  motion  carries  him  from  them, 
than  when  it  carries  him  towards  them.  Now  light  travels  at  the  rate 
of  192,000  miles  per  second,  and  the  earth  at  about  19  miles  per 
second.  Thus,  although  the  velocity  of  the  earth  bears  but  a  small 
proportion  to  that  of  light,  yet  it  does  bear  a  certain  finite  and  appre- 
ciable proportion.  There  will  then  be  a  finite  and  appreciable,  though 
scarcely  apparent  depression,  of  those  fixed  stars  towards  which  the 
earth  is  moving,  and  elevation  of  those  in  the  opposite  regions,  provided 
the  earth  moves  in  its  orbit  as  we  assert ;  and  if  it  do  not,  there  will 
be  no  such  depression  or  elevation.  Now  this  difference  of  the  true 
from  the  apparent  position  of  the  stars  does  exist ;  it  was  discovered  by 
Dr.  Bradley,  and  is  called  the  aberration  of  light.' 
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French  Account  of  the  Statistics  ofths 
Book-trade  in  Germamj  and  England. 

Germany  still  stands  pre-eminent  in 
the  extent  of  its  Book-trade.  Tiie  an- 
nual value  sold  is  estimated  at  £860,000. 
sterling:  thirty  years  ago  the  trade  was 
in  the  hands  of  only  three  hundred 
booksellers,  or  publishers.  At  present 
there  are  not  less  than  1004,  including 
ninety-two  commercial  houses  of  Swit- 
zerland, Hungary,  Prussia,  and  its 
Polish  provinces.  Through  the  Ger- 
manic Confetleration  there  is  one  book- 
slwp  to  93,000  souls,  while  in  Austria 
there  is  only  one  to  12-2,222.  The  pro- 
gression, as  regards  intelligence,  is  still 
more  striking  in  Prussia,  where  there  is 
a  book-shop  to  every  33,899  persons;  in 
1830,  there  were  200,  which,  in  1833, 
had  increased  to  293.  At  least  fifty- 
eight  new  book-shops  have  been  esta- 
blished in  different  parts  of  Germany 
between  Easter,  1832,  and  Easter,  1833. 
The  number  of  works  published  in  that 
country  has  increased  in  the  following 
proportion:  (1827)  5000,  (1828)5,600, 
1832,  in  which  year  many  pamphlets 
were  published)  6,122,  (1833)  4,635  (?). 
Of  these,  Austria  furnished  290,  Prus- 
sia 1058,  Saxony  1810.  Leipsic  is  the 
centre  of  this  immense  commerce. 

If  we  compare  the  total  number  of 
works  published  in  Germany  from  1814 
to  1820,  which  were  50,393,  and  the 
number  published  in  France  during  the 
same  period,  which  was  only  16,528,  it 
would  not  at  first  be  imagined  that  the 
proportional  increase  of  literary  works 
has  been  much  greater  in  the  latter 
than  in  the  former  country,  but  so  it  is  ; 
the  aggregate  amount  of  workswas  barely 
doubled  in  Germany,  while  in  France  in 
1826,  the  number  published  was  4347, 
or  four  times  as  great  as  in  1814.  In 
1828,  the  French  publications  were 
7616,  a  number  never  reached  in  the 
catalogue  of  the  celebrated  annual 
Leipsic  fair.  The  fluctuations  in  the 
labours  of  the  French  press  are  to  be 
attributed  to  political  events.  In  1811, 
forty- five  millions,  and  in  1826,  144 
millions    of    sheets    were    printed    in 


France,  the  former  number  giving  1|, 
the  latter  4^  sheets  for  each  individual. 

Ill  England,  including  pamphlets, 
reprints,  newspapers,  magazines,  &c., 
the  value  of  printeil  works  in  1833 
amounted  to  £2,4  20,900.  sterling. 

This  trade  is  almost  entirely  in  the 
hands  of  the  London  booksellers,  of 
whom  there  are  832,  nearly  as  many  as 
there  are  in  Germany.  The  division  of 
trade  in  this  central  mart  of  book- 
trading  is  remarkable;  there  are  book- 
sellers who  entirely  devote  themselves 
to  the  sale  of  religious  works,  others  to 
that  of  elementary  works  for  instruction, 
and  so  on.  Exclusive  of  pamphlets, 
reprints,  and  newspapers,  the  number 
of  volumes  published  in  England  rose 
from  1105  in  1828,  to  1507  in  1833, 
between  which  periods  there  was  an 
annual  increase  of  about  ninety-two  or 
ninety-three  volumes,  caused  by  the 
rapid  progress  of  "  cheap  literature," 
which  has  etFected  a  reduction  in  the 
mean  price  per  work  from  12*.  to  \Qs.7d. 

New  Surveying  Instruments. 

M.  Lalanne,  Engineer  of  the  Pants 
et  Chaussees,  in  p>ance,  has  laid  before 
the  Academie  des  Sciences  thiee  in- 
struments for  topographical  surveying, 
which,  if  they  accomplish  all  that  the 
inventor  promises,  correctly  and  with 
facility,  will  be  eagerly  sought  after.  To 
the  immense  number  of  surveyors,  who 
are  about  to  commence  operations  in 
every  part  of  the  United  Kingdom, 
under  the  numerous  Railroad  Acts 
which  have  passed  this  session,  such 
instruments  would  be  invaluable.  They 
are,  1st,  a  Levelling  Instrument,  or  Car- 
riage, which  it  is  only  necessarv  to  run 
over  the  ground,  the  levels  of  which  are 
desired,  and  the  section  is  at  once  ob- 
tained; 2nd,  a  Drawing  Instrument, 
which  lays  down  the  plan  of  the  ground ; 
and  can  be  mounted  on  the  carriage  of 
the  Levelling  Instrument ;  3rd,  a 
Power-measuring  Instrument,  or  Dy- 
namometer, which  exhibits  the  effort 
exerted  on  every  point  of  the  line  passed 
over. 
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Mode  of  ascertaining  Proportion  of 
Carbon  in  Cast-iron. 

Berzklius,  in  a  letter  communicated 
by  M.  Pelouze,  to  the  Societe  Philoma- 
thique  of  Paris,  announces  that  he  has 
discovered  a  very  short  process  of  ana- 
lyzing the  various  kinds  of  Cast-iron, 
and  of  ascertaining  the  exact  propor- 
tions of  carbon  that  they  contain. 

His  mode  consists  of  boiling  the  iron 
in  a  bichlorate  of  copper,  slightly  acidu- 
lated with  hydrochloric  acid;  then  to 
boil  the  residue  with  carbonate  of  soda. 
The  weight  of  this  second  residue, 
washed  and  dried,  gives  that  of  the 
carbon.  This  process  has  been  repeated 
by  M.  Gaultier  de  Claubry,  who  found 
that,  to  succeed,  it  was  necessary  the 
chlorate  should  be  strongly  acidulated 
before  adding  the  iron  in  filings,  other- 
wise copper  is  precipitated;  but  with 
this  precaution,  the  analysis  may  be 
completely  accomplished  in  ten  or  twelve 
minutes. 

Temperature  of  Space. 
The  result  of  some  reflection  upon  the 
degree  of  cold,  registered  by  Captain 
Back,  when  in  the  Polar  regions*,  in- 
duced M,  Arago  to  state  to  the  Aca- 
demic des  Sciences,  that  it  was  his 
opinion  the  temperature  of  celestial 
space  could  not  be  lower  than  the  maxi- 
rnum  of  cold  mentioned  by  Captain  B., 
viz.  102"  Fahr.  below  the  freezing-point. 
M.  Poinsot,  on  the  contrary,  thought 
such  a  consequence  ought  not  to  be 
drawn  from  the  data,  and  contended 
that  the  temperature  of  the  upper  strata 
of  the  atmosphere  must  necessarily  be 
lower  than  that  of  space. 

Amber. 

"The  beautiful  amber  which  is  found 
on  the  eastern  shores  of  England,  and 
on  the  coasts  of  Prussia  and  Sicily,  and 
which  is  supposed  to  be  fossil  resin,  is 
derived  from  beds  of  lignite  in  the 
tertiary  strata. 

"  Fragments  of  fossil  gum  were  found 
in  digging  the  tunnel  through  the 
London  clay  at  Highgate,  near  London." 

BucKLANDS  Bridgewater  Treatise 

1836. 

Polarization  of  Heat. 

M.  Melloni  has  addressed  a  memoir 

to  the  Academic  des   Sciences   which 

contains  the  whole  of  his  curious  in- 

•  See  p.  242,  Vol.  ii. 

Vol.  II.  Y 


quiries  into  the  Polarization  of  Heat. 
The  result,  at  the  first  view,  appears 
very  complicated,  but  they  cease  to  be 
so  on  the  admission,  that  the  calorific 
flux  from  terrestrial  sources  is  composed 
of  rays,  which,  like  those  of  solar  heat, 
have  the  property  of  being  more  or  less 
transmissible  by  certain  solid  and  liquid 
media. 

New  Botanical  Society. 

Several  meetings  have  recently  taken 
place,  with  the  intention  of  forming  a 
society,  to  be  entitled,  The  Botanical 
Society  of  London.  The  attendances, 
and  promises  of  support  by  subscrip- 
tions and  donations  to  a  library  and 
herbarium  have  been  numerous  and 
satisfactory.  A  committee  is  now  re- 
considering the  laws,  regulations,  &c. 
The  formation  of  the  society  is  said  to 
be  patronized  by  Professor  Lindley,  and 
other  eminent  botanists. 

Consumption  of  Oxygen  by  burning 
Wood. 

MM.  Petersen  and  Schooler  have 
applied  themselves  to  a  long  and  most 
fatiguing  series  of  experiments  in  order 
to  determine  the  quantity  of  oxygen 
which  is  taken  from  atmospheric  air 
in  effecting  the  perfect  combustion  of  a 
given  weight  of  several  kinds  of  wood. 

This  result  has  been  deduced  from 
determinations  made  by  them,  of  the 
quantity  of  oxygen  which  each  kind  of 
wood  contains  before  combustion,  and 
of  the  quantity  of  additional  oxvgen 
necessary  to  burn  it  completely. 

These  experimenters  arrived  at  the 
first  of  these  necessary  data  in  the  fol- 
lowing way  :— Each  specimen,  carefully 
reduced  to  powder,  was  exposed  in  a. 
drying  apparatus,  and  there  heated  and 
exposed  to  a  current  of  dry  air  until  no 
further  loss  of  weight  occurred.  It  was 
then  weighed  with  every  precaution, 
and  mixed  with  oxide  of  copper  in  a  hot 
porcelain  vessel.  The  mixture,  after 
having  been  deprived  of  all  hygrometric 
moisture  in  a  vacuum,  was  burnt  in  a 
proper  tube.  From  the  water  and  the 
carbonic  acid  which  were  obtained,  were 
deducted  the  carbon  and  the  hydrogen, 
and  the  amount  of  oxygen  contained  in 
the  wood  ascertained. 

Twenty-four  kinds  of  wood  were  exa- 
mined in  these  experiments.  The 
specimens  were  taken,  in  all  cases,  from 
the  trunk  of  the  tree. 
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The  kinds  of  wood,  and  the  results 
obtained,  are  arranged,  in  the  follo\vin» 
Table,  according  to  the  quantity  of 
oxygen  required  for  their  combustion. 


Kiurl  of  Wood 
submitted  to 
Experiment. 


1  Lime 

2  Kim 

3  Deal  (white) 

4  Larch 

5  Horse-chestnut. . . 

6  Box 

7  Maple 

8  Scotch  Fir  CPJwav  I 

sylvestris.) ' 

9  Silver  ?ii(Pinas\ 

picea.} ) 

10  Poplar 

11  Pear  

12  Walnut 

13  Alder  

14  Willow 

15  Oak    

16  App'e 

17  Ash 

18  Birch 

19  Cherry   

20  Acacia 

21  Beech  (white)  . . 

22  Plum , 

23  Beech  (red) 

24  Ebony 
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140-523 

49408 

6861 

139-408 

50186 

6  425 

138-377 

49  946 

6-407 

138082 

50  106 

6  310 

138  002 

49  077 

6714 

137-315 

49  308 

6  5'?! 

136-%0 

49-803 

6  307 

136  931 

49  937 

6-250 

136  866 

49  591 

6-384 

136-623 

49  690 

6-312 

135  881 

49  395 

G351 

135-690 

49  113 

6  443 

133:953 

49  196 

6217 

133  9.51 

48  839 

6  360 

133-47-2 

49432 

6-069 

133  340 

48902 

6-267 

133  251 

49  356 

6075 

133229 

48  602 

6375 

133  139 

48  824 

6  276 

132-543 

48-66!) 

6272 

132312 

48  533 

6-301 

132  088 

49  311 

5  964 

130  834 

48-184 

6277 

128  478 

49  838 

5-352 

o  P 


S'.2 


43-731 
43  384 

43  647 
43-584 

44  209 
44  111 
43  890 

43  813 

44025 

44  989 
48  254 
44-444 
44  587 
44-801 
44499 
44-831 
44  569 
44  023 

44  900 
45059 

45  166 
44  725 
45539 
44  810 


The  practical  application  of  these 
results  will  be  evident,  if  we  consider 
that  the  quantities  of  oxygen  absorbed 
from  the  atmosphere  during  the  perfect 
combustion  of  each  kind  of  wood,  is  the 
correct  expression  of  the  combustible 
value  of  the  wood,  since  the  quantity  of 
heat  given  out  during  combustion  is 
proportional  to  the  quantities  of  oxygen 
taken  up. 

New  Map  of  Central  Asia. 

A  Map  of  Central  Asia,  compiled  by  M. 
Klaproth,  and  based  upon  communica- 
tions made  by  the  missionaries  at  Pekin, 
has  been  presented  to  the  Academie  des 
Sciences,  by  M.  Landresse.  By  adding 
all  the  facts  that  could  be  obtained  from 
the  most  recent  authorities,  particularly 
those  derived  from  Chinese  writers,  M. 
Klaproth  has  been  able  to  determine 
the  configuration  of  the  surface  of  these 
immense  countries. 


Correct  Notion  of  Steam-Engine 
Horse-power. 

When  engineers  speak  of  a  twenty-five- 
horse  engine,  they  mean  one  which 
would  do  the  work  of  that  number  of 
horses  constajitly  acXing  \  but  supposing 
that  the  same  horses  could  work  only 
eight  hours  in  every  twenty-four,  there 
must  be  seventy-five  horses,  at  least, 
kept  to  produce  the  effect  of  such  an 
engine.  The  largest  engine  in  Corn- 
wall may,  if  worked  to  the  full  extent, 
be  equal  to,  from  a  three-hundred  to  a 
three-hundi-ed-and-fifty-h()rsepower,and 
would,  therefore,  require  a  thousand 
horses  to  be  kept  to  produce  the  same 
constant  effect.  In  this  way  it  has  been 
said  that  an  engine  was  of  a  thousand- 
horse-power,  but  this  is  not  according  to 

the  usual  computation. Letter  of  J. 

Taylor,  Esq..  to  Dr.  Buckland, 

Combe. — Application  of  the  Term. 

The  term  Combe,  so  common  in  the 
names  of  upland  villages,  is  usually 
applied  to  that  unwatered  portion  of  a 
valley,  which  forms  its  continu-ation  be- 
yond, and  above,  the  most  elevated 
spring  that  issues  into  it ;  at  this  point, 
or  spring-heftd,  the  Valley  ends,  and 
the  Combe  begins.  The  convenience 
of  water  and  shelter  which  these  spring- 
heads afford,  have  usually  fixed  the  site 
of  the  highest  villages  that  are  planted 
round  the  margin  of  elevated   plains. 

Buckland's  Bridgewater  Treatise. 

1836. 

Bottles,  <^c.  sunk  in  the  Sea. 

Capt.  Smyth  found,  on  two  trials,  that 
the  cylindrical  air-tube,  under  the  vane 
attached  to  Massey's  Patent  Log,  col- 
lapsed, and  was  crushed  quite  flat, 
under  a  pressure  of  about  three  hundred 
fathoms.  A  claret-bottle,  filled  with  air, 
and  well  corked,  was  burst  before  it 
descended  four  hundred  fathoms.  He 
also  found  that  a  bottle  filled  with  fresh 
water,  and  corked,  had  the  cork  forced 
at  about  a  hundred  and  eighty  fathoms 
below  the  surface;  in  such  cases,  the 
fluid  sent  down  is  replaced  by  salt-water, 
and  the  cork,  which  had  been  forced  in, 
is  sometimes  inverted. 

Capt.  Beaufort  also  informs  me,  that 
he  has  frequently  sunk  corked  bottles 
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in  the  sea,  more  than  a  hundred  fathoms 
deep,  some  of  them  emptyj  and  others 
containing  a  fluid ;  the  empty  bottles 
were  sometimes  crushed,  at  other  times 
the  cork  was  forced  in,  and  the  bottle 
returned  full  of  sea- water.  The  cork 
of  the  bottles  containing  a  fluid  was 
uniformly  forced  in,  and  the  fluid  ex- 
changed for  sea-water;  the  cork  was 
always  returned  to  the  neck  of  the 
bottle,  sometimes,  but  not  always,  in 
an  inverted  position."  —  Buc'ki.and, 
Bridgewater  Treatise,   1830.) 

Suggested  Sessional  Journal  of  the 
British  Association. 

Too  much  publicity  cannot  be  given  to 
the  important  investigations  and  under- 
takings which  have  been  recommended, 
and  for  which  funds  have  been  provided, 
at  the  several  sessions  of  the  British 
Association,  if  any  useful  and  valuable 
results  are  to  be  obtained  from  them. 
This  publicity,  it  would  seem,  must 
principally  depend  upon  the  voluntary 
and  friendly  assistance  of  the  periodical 
press,  for,  beyond  the  range  of  the 
General-committee- men  present  at  the 
voting  of  the  money,  and  who  no  doubt 
knew  what  they  were  voting  it  for,  not 
the  smallest  effort  has  been  made,  as 
far  as  we  (members)  know,  by  the 
managers  of  the  Association,  to  dis- 
seminate the  information.  One-sixth 
of  this  year  has  already  run  out,  and 
we  know  individuals.selected  as  directors 
of  these  investigations,  &c.  and  dis- 
posers of  the  funds,  who  are  not  yet  ac- 
quainted with  their  appointment.  The 
vital  principle  of  the  Association  is 
voluntary  exertion — scientific  labour  for 
the  love  of  it ;  but  how  are  the  ener- 
gies of  the  members  and  friends  of  the 
Association  to  be  roused  and  directed, 
if  the  officers  who  possess  the  infor- 
mation do  not  distribute  it  ?  Suppose 
the  reporters  of  the  public  press  had  not 
attended,  and  the  copious  accounts  of  the 
meetinghadnotbeen  given  by  thisMaga- 
zine,  by  the  Athenaeum,  and  other  jour- 
nals, how  little  would  have  been  known 
of  the  proceedings  of  the  Association 
up  to  this  hour !  We  recommend  the 
most  unsparing  expense  to  acquire,  and 
extensively  distribute,  the  earliest  and 
most  copious  accounts  of  every  transac- 
tion, suggestion,  &c.,  of  the  Association 
as  a  body,  and  we  submit  to  the  con- 
sideration of  the  managing  body,  (if 
any  such  exists  in  the  interval  of  the 


meetings,)  to  deliberate  upon  the  pro- 
priety of  providing  reporters  for  each 
Section,— for  each  raeetingof  the  General 
committee, — for  every  one  of  the  Aggre- 
gate Meetings,  that  there  may  be  ob- 
tained, and  immediately  printed,  the 
most  ample  reports  of  each  meeting, 
(even  those  of  the  Dinners  should  not  be 
omitted.)  Why  not  embody  them  in  a 
morning  publication,  to  begin  a  week 
before  the  meeting  takes  place  with 
that  preliminary  information  which 
every  visiter  has  hitherto  been  distressed 
for,  and  to  be  continued  not  only  during 
the  days  of  meeting,  but  for  as  many 
days  after  as  may  bring  up  the  arrears 
that  unavoidably  accrue  ?  This  may 
be  entitled  the  "  Journal  of  the  Ses- 
sion," and  from  being  prepared  on 
the  spot  at  the  time  of  meeting,  and 
under  the  revision  of  persons,  in  pos- 
session, from  official  position,  of  accurate 
and  early  information,  it  would  be  free 
from  those  errors  and  deficiencies  which 
must  happen  to  others  who  are  not  re- 
sponsible for  their  accuracy,  and  cannot 
command  admission  to  meetings,  docu- 
ments, &c.  What  grant  of  money 
which  has  been  made,  or  ever  can  be 
made,  would  more  effectually  promote 
the  great  interests  of  the  Association  ? 
What  would  more  facilitate  the  acqui- 
sition and  interchanges  of  information 
during  the  meeting,  and  prevent  those 
eternal  regrets  of  lost  opportunities 
which  fill  the  last  day  or  two  of  the 
session?  What  could  more  promptly, 
and  extensively,  and  satisfactorily,  circu- 
late to  the  distant  friends  of  science,  the 
gratifications,  the  advantages,  and  the 
acquisitions  of  those  who  are  present  ? 
But,  we  believe,  no  grant,  or,  at  most, 
a  very  small  one,  would  be  necessary. 
With  proper  management,  a  very  low- 
priced  Journal  might  accomplish  this 
great  desideratum,  and  pay  its  own  ex- 
penses. With  this  on  our  table,  we  could 
wait  with  more  temper  than  we  have 
done  during  the  twelve  months  that  the 
volume  is  in  labour. 

In  the  absence  of  such  means,  we 
shall  continue  to  acquire,  and  insert  all 
information  in  our  power,  which  may 
appear  to  us  to  be  necessary  for  the  mem- 
bers, and  promoters  of  scientific  informa- 
tion not  members,  to  be  made  acquainted 
with.  Of  this  nature  we  conceive  the 
items  in  the  following  list  to  be,  but  of 
which  we  have  no  means  of  being  quite 
certain  of  the  completeness  or  accu- 
racy. 

Y  2 
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Investigations,  <^c.,  recommended  by  the  British  Association — Bristol  Session. 


Section  A. — Mathematics  and  Physics. 
Siilijects.  Sums  voted. 

1.  Discussion  of  Observations  on  the  Tides.  i^200 

2.  Observations  on  the  Tides  in  the  port  of  Bristol.  150 

3.  Deduction  of  the  Constants  of  the  Lunar  Nota- 

tions. 

4.  Hourly  Observations  on  the  BaronietBr  and  Hygro-  I     ^ 

meter.  ■' 

5.  Establishment  of  Meteorological  Observations  on  a 

uniform  Plan. 

6.  Experiments  on  Subterranean  Temperature. 


1  '»{ 


(  ,n„  / 


15 


21 


7.  Data,  depending  upon  very  accurate  measurements 

of  points,  situated  on  two  straight  lines,  at  right 
angles  to  each  other,  for  the  exact  determination 
of  the  permanence  or  variability  of  the  relative 
Levels  of  the  Land  and  Sea. 

8.  Experimental  Investigation  of  the  Form  of  Waves, 

as  modified  by  the  wind,  by  the  depth  &c.,  of 
canals,  and  by  the  manner  in  which  the  Wave  is 
initiated. 

9.  Reduction  of  Observations  in  the  Histoire  Celeste  ; 

and  in  Mem.  Acad,  des  Sciences,  1789  and  1790, 
tome  ix. 

10.  Experiments  on  Vitrification. 

1 1.  Construction  of  a  Lens  in  Rock-salt. 

12.  Continuation  of  Report  on  the  Magnetism  of  the  \ 

Earth.  f 

13.  Report  of  Committee  for  the  consideration  of  a 

proposition  by  Mr.  Lubbock,  for  the  Construction 
of  new  empirical  Lunar  Tables. 

14.  Application  to  the  French  Government  for  Copies 

of  Observations  on  Tides. 


Directors. 
Lubbock. 
Whewell. 

Brisbane,  Robison, 
Whewell. 

Harris, 

Harris,  Phillips, 
Powell,  Sykes. 

Baily,    Cubitt, 
Colby,  De  la  Beche, 
Greenough,    Griffith, 
Lubbock,   Mackenzie, 
Portlock,   Robison, 
Sedgwick,  Stevenson, 
Whewell,  Sec. 


100       Robison,  Russell. 


)  '""  I 


500 


\  500  I 


150 
80 


Airy,  Baily, 
Lubbock,  Robison. 

Faraday,  Harcourt, 

Turner. 

Brewster. 

Sabine. 

Airy,  Baily, 
Challis,  Hamilton, 
Lubbock,  Rigaud. 


Section  B. — .Chemistry  and  Mineralogy. 


50 


30 


15 
24/.  1.3*. 


Inquiry  into  the  Specific  Gravity  of  Gases. 

16.  Inquiry  into  the  Quantities  of  Heat  developed  in 
Combustion,  and  in  other  Chemical  Combina- 
tions. 

Inquiry  into  the  Components  of  Atmospheric  Air. 

Publication  of  Tables  of  Chemical  Constants. 

Inquiry  into  the  Comparative    Strength  of  Iron, 
made  with  hot,  and  with  cold,  air  blasts. 

Report  on  the  present  State  of  Knowledge  of  the  ] 
Chemical  and  Physical  Properties  of  dimorphous  > 
Bodies.  J 

Continuation  of  Experiments  on  the  Efiects  of  long-  1 
continued  Heat  on  Minerals.  j 

Section  C. — Geology  and  Geography 

22.  Experiments  on  the  Quantity  of  Mud  suspended  in  I 

River-water.  i 

23.  Special   Inquiry   into    Subterranean   Temperature  1 

and  Electricity.  j 

24.  Inquiry  into  the  Origin  and  Nature  of  the  Peat-  1 

mosses  of  Ireland.  .1 

25.  Report  on  the  Mineral  Riches  of  Great  Britain,  ) 

particularly  in  the  metalliferous  districts.  / 

26.  Discovery  of  Plants  of  any  kind  in  Slate-rocks,  older 

than  the  coal-formation. 


Dalton,  Henry, 
Henry,  C. 


Dalton. 
Johnstone. 


60       Fairbaim,  Hodgkinson. 


Jolinstone. 


Harcourt. 


20 


I  De  la  Beche,  Rennia 
\  Yates. 


30      Fox. 


50 


Colby. 
Taylor. 
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Section  D. — Zoology  and  Botany. 
Subjects.  Sums  voted 

27.  Experimental  Inquiry  into  the  Growth  of  Plants 

under  glass,  and  excluded  from  air,  on  the  plan 
of  Mr,  Ward. 

28.  Report  on  the  present  State  of  Knowledge  on  Ich- 

thyology. J 

Section  E. — Medicine, 

29.  Investigation  of  the  Anatomical  Relations  of  Veins  1 

and  Arteries,  J 

30.  Investigation  of   the  Motions   and  Sounds  of  the  1 

Heart.  / 

31.  Inquiry  into  the  Chemical  Constitution  of  the  Se-  i 

creting  Organs.  f 

32.  Inquiry  into  the  Physiological  Influence  of  Cold  in  i 

the  Arctic  Regions  on  Man  and  other  Animals.     I 

33.  Investigation  of  the  Effects  of  Poisons  on  the  Ani-  ) 

mal  Economy.  f 

34.  Investigation  into  the  Pathology  of  the  Brain  and 

Nervous  System, 


Directors. 


25      Henslow, 


Yarrell 


50 
50 
25 
25 
25 


Former  Committee,. 

Former  Committee. 

Hodgkin,  Rees, 
Roget,  Turner, 

Kin-, 


25 


Hodgkin,  RoupelL 

Adams,  Carmichael, 
Green,  Macdonald, 
O'Beirne,  Smith, 

35,  Investigation    of    the    Physiology   of    the    Spinal  I     gi,  J  Broughton,  Cock, 

Nerves,  j  I.  Harpey. 

Section  F, — Statistics. 

36.  Inquiry  into  the  actual  State  of  Schools  in  England, 

considered    with  regard   to   numerical   analysis  1-150 
only. 

Section  G. 


Hallam, 

Porter, 

Sykes. 


-Mechanical  Science. 

37.  Analysis  of  the  Reports  of  the  Duty  of  Steam-  1      ,„ 

Engines  in  Cornwall.  J 

38.  Report  on  the  various  Methods  of  Printing  which  1 

have  been  oroDOsed  for  the  Use  of  the  Blind.         i 


Cubitt,  Rennie, 
Taylor. 

Taylor, 


have  been  proposed  for  the  Use  of  the  Blind. 

Rejected  by  the  Revising  Committee. 

Application  to  the  East  India  Company  and  the  Board  of  Control,  for  an  accurate 
Census  of  the  British  Possessions  in  Bengal,  &c. 


Philanthropic  Deposit. 

"  I  FEEL  it  to  be  a  public  duty,  to 
make  known  an  act  of  Mr.  Buddie, 
which  will  entitle  him  to  the  gratitude 
of  posterity,  and  has  set  an  example 
which,  if  generally  followed,  will  save 
the  lives  of  thousands  of  unfortunate 
miners,  that  must  otherwise  perish  for 
want  of  information,  which  can,  at  this 
time,  be  easily  recorded  for  their  pre- 
servation. This  eminent  Engineer  and 
Coal  Viewer  has  presented  to  the  Na- 
tural History  Society  of  Newcastle, 
copies  of  his  most  important  plans  and 
sections,  accompanied  by  written  docu- 
ments, of  the  under-ground  workings 
in  the  collieries  near  that  town,  in  which 
all  those  spaces  are  carefully  noted  from 
whence  the  coal  has  been  removed. 
The  sudden  irruption  of  watei*  into  a 
mine  adjacent  to  such  reservoirs,  is 
occasionally   attended  with   most  cala- 


mitous and  fatal  results." — (See  History 
of  Fossil  Fuel,  the  Collieries  and  Coal 
Trade,  1835,  p.  249,  &c.) 

The  dictates  of  humanity  which 
prompt  us  to  aid  in  the  preservation  of 
human  life,  no  less  than  the  economical 
view  of  rendering  available,  at  a  future 
time,  the  residuary  portions  of  our  beds 
of  coal,  which  will  not  now  repay  the 
cost  of  extracting  them,  should  induce 
all  proprietors,  and  other  persons  con- 
nected with  coal-mines,  and  especially 
engineers  and  coal-viewers,  to  leave  to 
their  successors  a  legacy,  which  will  be 
to  them  precious,  by  preserving  minute 
and  exact  records  of  the  state  of  the 
coal  in  their  respective  districts.  It  can, 
however,  scarcely  be  expected,  that 
such  measures  will  be  generally  and 
systematically  adopted  throughout  the 
many  coal-fields  of  this  country,  unless 
the  subject  be  legislatively  taken  up  by 
those  official  persons,  whom  it  behoves, 
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as  goai'dians  of  the  future  welfare  of 
the  nation,  to  institute  due  measures, 
whilst  the  opportunities  exist,  for  pre- 
venting that  loss  of  hfe  and  property, 
which  a  little  attention  bestowed  in  sea- 
son will  preserve  to  posterity. — (Buck- 
land,  Bridgewater  Treatise,  1836.) 

Return  of  Rain-Water  to  the  Sea. 

One  THIRD  only  of  the  water  which 
falls  in  rain,  within  the  basin  of  the 
Seine,  liovvs  by  that  river  into  the  sea ; 
the  reraaing  two-thirds  either  return 
into  the  atmosphere  by  evaporation,  or 
go  to  the  support  of  vegetable  and  ani- 
mal life,  or  find  their  way  into  the  sea 
by  subterranean  passages. — (Arago. 
Annuaire,  par  le  Bureau  des  Longi- 
tudes, 1835.) 

Immutability  of  the  Nature  of  Light. 

"  We  learn  from  the  resemblance  of 
these  most  ancient  organizations*  to 
existing  eyes,  that  the  mutual  relations 
of  light  to  the  eye,  and  of  the  eye  to 
light,  were  the  same  at  the  time  when 
crustaceans,  endowed  with  the  faculty 
of  vision,  were  first  placed  at  the  bottom 
of  the  primaeval  seas,  as  at  the  present 
moment."  — (Buckland,  Bridgewater 
Treatise,  1836.) 

Valuable  Acid  for  Engravers. 

M.  Deleschamps  has  written  to  the 
Academie  des  Sciences  that  he  has  ac- 
complished the  solution  of  the  following 
problem,  for  every  kind  of  biting  acids 
employed  in  engraving.  To  obtain  a 
clean  and  deep  line,  without  sensibly 
enlarging  the  furrow  in  ordinary  en- 
graving, and  without  eating  away  the 
sides  of  the  subject  in  engraving  in 
relief.  He  uses  a  composition  of  ace- 
tate of  silver,  and  hydrate  of  nitrous 
ether.  Immediately  after  the  contact, 
the  acetate  is  precipitated  into  the  lower 
part  of  the  furrow,  where  it  produces  a 
rapid  and  energetic  action.  The  upper 
parts  of  the  furrow  are  occupied  by  the 
nitrous  ether,  and  preserved  by  its 
presence. 

Error  in  the  Length  of  the  French 
Metre, 

In  the  discourse  of  the  Baron  C.  Dupin 
on  the  recent  progress  of  mathematics 
in  France  f.     He  noticed  the  correction 

•  Trilobites. 

■|-  Page  257  of  the  present  volume. 


of  an  intermediate  part  of  the  arc  of 
the  meridian,  measured  by  Delarabre 
and  Mechain.  It  was  too  much  to  ex- 
pect that  a  Frenchman,  at  such  a  mo- 
ment, could  have  gone  further,  and 
stated  the  consequences  of  the  error. 
It  was  an  act  of  heroism  in  him  to  have 
mentioned  it  at  all, — to  have  dared  to 
point  out  the  slightest  spot  on  the 
blaze  of  French  glory,  which  it  was  his 
duty  to  exhibit  to  all  present.  But  we 
suppose  the  inflexible  geometrician, 
who  detected  and  honestly  exposed  the 
error,  was  present ;  and  reluctant  as  M. 
Dupin  must  have  been,  to  have  touched 
a  jarring  chord  in  the  feelings  of  such 
men  as  MM.  Biot  and  Arago ;  he  per- 
haps felt  it  was  impossible  to  avoid  it. 
He  did  not,  however,  state,  as  he  might 
have  done,  that  the  error  has  had  the 
effect  of  vitiating  the  correctness  of  the 
modern  French  unit  of  weight  and 
measure, — the  celebrated  Metre. 

The  length  assigned  to  this  measure 
by  the  Academy,  and  sanctioned  by 
law,  is  now  found  to  be  somewhat  too 
little.  A  quantity,  it  is  true,  not  large 
enough  to  be  of  any  consequence  in  the 
ordinary  concerns  of  life,  but  enough  to 
be  appreciable  by  the  eye  in  the  metre 
itself,  and  extremely  annoying  to  ma- 
thematicians and  geometi'icians  who 
consider  that  as  false  which  is  not 
rigorously  true. 

The  enunciation  of  the  error  produced, 
as  might  be  expected,  a  most  lively 
sensation  in  the  Academy,  particularly 
as  two  of  its  most  eminent  living  mem- 
bers, MM.  Biot  and  Arago,  had  been 
members  of  the  commission  intrusted 
with  the  continuation  southwards  of  the 
measurement  of  the  arc.  M.  Puissant, 
a  most  able  geometrician,  who  had  had 
for  some  years  the  scientific  superin- 
tendence of  the  grand  national  map  of 
the  French  territory,  and  author  of  the 
Nouvelle  Description  Geometrique  de 
la  France,  brought  the  subject  before 
the  Academy  by  reading  a  notice  entitled 
"  A  new  determination  of  the  length  of 
the  arc  of  the  meridian,  comprised  be- 
tween Montjouy  and  Formentera,  ex- 
hibiting the  incorrectness  of  the  length 
as  given  in  La  Base  du  Systeme  metrique 
decimal.' 

The  general  triangulation  of  France 
being  necessarily  connected  with  the 
triangles  of  the  Dunkirk  meridian,  and 
actually  united  to  it  by  seven  bases, 
measured  by  the  same  process,  and  with 
the  precision  due  to  their  importance. 
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presented  an  opportunity  of  again  com- 
paring the  bases  of  Melun  and  Per- 
pignan.  In  the  long  reticulation  of 
triangles  which  separates  these  bases, 
some  are  favourably  disposed,  and  were 
advantageously  substituted,  in  the  line 
between  the  forest  of  St.  Croix  and 
Bourges,  for  those  of  the  meridian  of 
Dunkirk.  Now,  this  new  comparison, 
so  far  from  confirming  the  well-known 
and,  probably,  accidental  agreement* 
of  these  two  bases,  did  on  the  contrary, 
exhibit  a  very  great  discrepancy ;  for 
the  base  of  Perpignan  calculated  from 
that  of  Melun  differed  1  m  '82,  (about 
58  English  feet,)  from  the  actual  ad- 
measurement. 

This  unexpected  difference,  which, 
there  is  now  no  reason  to  doubt,  produced 
a  necessity  of  correcting  the  length  of 
the  arc  of  the  meridian  obtained  by 
Delambre,  and  which  was  employed  con- 
currently with  that  of  the  equator  in 
the  calculation  of  the  length  of  the 
Metre,  seeing  that  this  unit  was  defi- 
nitively settled  to  be  3  feet  1 1  lines  iV/c 
of  the  ancient  iron  toise  of  the  academy 
taken  at  13*  of  the  thermometer  of 
Reaumur.  M.  Puissant  then  showed, 
that  the  true  length  of  the  arc  of  the 
meridian,  which  extends  from  the  pa- 
rallel of  Greenwich  to  that  of  Formen- 
tera,  exceeds  by  90'2  toises,  the  length 
given  by  Delambre.  Consequently,  the 
metre  ought  to  be  lengthened  the  ^-Jlg 
of  a  line,  or  about  the  sixth  of  a  milli- 
metre f.  in  order  to  be  precisely,  as  was 
intended,  the  ten  millionth  part  of  the 
distance  from  the  equator  to  the  pole. 

As  M  M.  Arago  and  Biot  had  been 
two  of  the  commission  for  the  con- 
tinuation of  the  project,  they  naturally 
felt  that  the  result  announced  by  M. 
Puissant  appeared  to  call  the  correct- 
ness of  their  splendid  work  into  question. 
To  meet  the  suspicion,  the  two  acade- 
micians pointed  out  to  their  colleague 
that  the  result  published  by  the  com- 
mission had  been  obtained  by  three 
calculators  unknown  to  each  other,  and 

*  "  Ou  this  point,"  a  French  writer 
says,  "  an  incontestable  proof  of  the  accu- 
racy of  these  observations  is,  that  the  base 
of  Perpignan,  calculated  from  that  of  Melun 
by  the  cliaui  of  triangles  which  connects 
them,  differs  but  10  or  11  inches  (French) 
from  the  actual  admeasurement  of  the  latter, 
though  the  interval  which  separates  them 
is  more  thaii  700,000  metres,"  (about  435 
English  miles.) 

-f  Equal  about  ^55  of  an  EngHsh  inch. 


according  to  a  method,  which  necessarily 
introducing  different  combinations,  as 
necessarily  gave  additional  confidence 
on  the  results.  At  a  subsequent  sitting, 
when  M.  Puissant,  in  proceeding,  stated 
that  he  now,  by  a  mode  of  calculation 
peculiar  to  himself,  found  that  an 
increase  of  57  toises  was  necessary  in 
that  part  of  the  meridional  arc  which 
crossed  the  triangulation  of  the  astrono- 
mers of  the  commission,  it  was  asked 
by  M  M.  Arago  and  Biot,  "  whether  the 
error  lay  on  the  side  of  the  three  calcu- 
lators, or  did  it  result  from  the  new 
formula  ?  If  it  could  be  possible  that 
each  of  these  three  calculators  could 
have  made  each  separately  an  error  of 
the  same  quantity,  was  it  not  also  pos- 
sible that  this  newly-introduced  formula 
might  not  be  quite  exact  ?  And,"  gay 
M  M.  Arago  and  Biot,  "  as  the  works 
relative  to  the  determination  of  the 
metre  are  not  even  yet  entirely  pub- 
lished, nor  definitively  settled,  we  shall 
again  undertake  this  subject,  and  then 
we  will  scrupulously  examine  the  me- 
thods employed  in  the  calcution  of  our 
triangles,  and  on  whichever  side  shall 
fall  the  error  of  the  actual  computations, 
we  shall  not  hesitate  to  point  it  out." 
M.  Puissant,  by  no  means  disposed  to 
accept  this  promise  of  future  correction, 
continued  to  agitate  the  question  with 
his  scientific  colleagues,  and  after  having 
gone  through  the  calculations  by  two 
different  methods,  and  by  means  of 
tables  of  geodsesical  measures,  his  first 
conclusion  was  confirmed;  and  he  as- 
serted that  there  was  an  error  of  57 
toises,  (about  121 4  English  yards,) 
which  affected  the  true  meridional  dis- 
tance as  calculated  by  the  Bureau  des 
Longitudes,  between  Montjouy,  and  For- 
mentera, — "  an  error,"  said  M.  Puissant, 
"  which  it  is  important  to  the  interests  of 
science  to  correct,  and  which  can  only  be 
explained  by  supposing  some  mistake 
between  the  two  stations  at  Morella, 
which  are  a  very  small  distance  from 
each  other,  and  were  required  to  con- 
nect Montjouy  with  the  general  trian- 
gulation." 

Subsequent  investigations,  made  by 
the  indefatigable  M.  Puissant,  into 
every  part  of  his  previous  labour,  and 
into  every  document  on  which  his  calcu- 
lations were  founded,  and  additional 
repetitions  of  his  calculations,  not  only 
established  the  reality  of  the  error,  and 
of  its  amount,  but  also  enabled  him  to 
point  out  the  actual  position  of  the  place 
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where  it  occurred.  He  ascertained  that 
it  ought  not  to  be  attributed  to  De- 
larabre  nor  to  any  of  the  scientific  suc- 
cessors to  him,  in  that  part  of  the  arc 
measured  by  them,  but  that  it  pro- 
ceeded from  the  circumstance,  that  the 
station  of  the  second  order,  fixed  by 
Mechain  at  Sierra  Morella,  has,  inad- 
vertently, been  taken  for  that  which  he 
had  used,  at  the  same  place,  to  form 
the  triangle  Matas-Montjouy-Sierra-Mo- 
rella,  (the  first  of  the  Table,  p.  1 79, 
Vol.  IV.,  of  La  Base  du  Systeme 
Metrique.)  M.  Puissant  has,  in  con- 
sequence, assigned  to  the  arc  in  ques- 
tion a  length  of  153662"75  toises,  and 
not  that  of  153605-2,  given  to  it  by 
MM.  Bouvard,  Mathieu,  and  Burckhard. 

Though  it  is  to  be  lamented  that  an 
error,  of  the  smallest  possible  account, 
should  have  occurred  in  so  important  a 
work,  yet  it  will  not  be  without  some 
good  elFects;  it  will  establish  the  neces- 
sity of  the  increasing  vigilance  and  un- 
compromising rigour,  so  ably  urged  by 
M.  Dupin,  in  his  Discourse  before  the 
Academy*,  as  imperiously  demanded  in 
all  such  operations ;  and,  piqued  as  the 
surviving  members  of  the  commission 
must  be,  it  will  enlist  all  the  personal 
feelings  and  gigantic  acquirements  on 
the  side  of  further  investigation,  so  that, 
eventually,  the  length  of  the  metre  will 
be  determined  to  the  greatest  possible 
minuteness,  and  without  any  chance  of 
future  correction  ever  being  found  to  be 
necessary. 

The  method,  by  the  aid  of  which  M. 
Puissant  has  determined  the  length  of 
an  arc  of  the  meridian,  is  based  upon 
the  most  indisputable  principles,  and 
the  various  applications  he  has  made  of 
it  have  demonstrated  its  simplicity  and 
correctness.  In  using  it  for  the  pur- 
pose referred  to,  he  ascertained  that  the 
depression  of  the  terrestrial  spheroid, 
generally  taken  at  555,  is  only  g^g,  an 
amount  precisely  the  same  as  that  de- 
duced from  the  lunar  inequalities. 

Blissful  Ignorance. 

The  ladies  of  North  Britain  and  others, 
admirers  of  the  beetle-stone,  and  who 
frequently  select  it  from  their  trinket- 
box,  and  place  it  in  a  conspicuous  situa- 
tion on  the  person,  in  the  shape  of  a 
brooch,  &c.,  will  hardly  thank  their  face- 
tious friend.  Dr.  Buckland,  for  the  follow- 
ing account  of  the  origin  of  the  jewel ; 

*  See  page  267  of  this  Volume. 


"In  1832,  Mr.  W.  O.  Trevelyan  re- 
cognised coprolitest  in  the  centre  of  the 
nodules  of  clay-ironstone,  that  abound 
in  a  low  cliff  composed  of  strata  belong- 
ing to  the  coal-formation  at  Newhaven, 
near  Leith.  ^I  visited  the  spot  with  this 
gentleman  and  Lord  Greenock,  in  Sep- 
tember, 1834,  and  found  these  nodules 
strewed  so  thickly  upon  the  shore,  that 
a  few  minutes  sufficed  to  collect  more 
specimens  than  I  could  carry ;  many  of 
these  contained  a  fossil  fish,  or  fragment 
of  a  plant,  but  the  greater  number  had 
for  their  nucleus  a  coprolite,  exhibiting 
an  internal  spiral  structure;  they  were 
probably  derived  from  voracious  fishes, 
whose  bones  are  found  in  the  same 
stratum,  These  nodules  take  a  beau- 
tiful polish,  and  have  been  applied  by 
the  lapidaries  of  Edinburgh  to  make 
tables,  letter-pressers,  and  ladies'  orna- 
ments, under  the  name  of  beetle-stones, 
from  their  supposed  insect  origin." 

In  spite  of  their  polish  and  their 
beauty,  beetle-stones  will  now,  we  fear, 
be  irrevocably  banished  from  the  toilet 
and  the  writing-table.     Alas! 

"  Where  ignorance  is  bliss, 
'Tib  folly  to  be  wise." 

Cold  fatal  to  Barbel. 

M.  AGASsiz.has  observed  that  a  sudden 
depression  to  the  amount  of  15°,  of  the 
temperature  of  the  water  in  the  Glat, 
which  falls  into  the  lake  of  Zurich, 
caused  the  immediate  death  of  thousands 
of  barbel. 

First  Belgian  Scientific  Congress. 

The  first  national  association  of  scien- 
tific and  learned  men,  in  Belgium,  met 
at  Liege,  on  the  first  of  August  last. 
About  130  members  had  entered  their 
names  at  the  commencement  of  the 
session ;  among  them  were  those  of  two 
ladies,  one  a  botanist,  the  other  a  poetess. 
M.  Caumont,  of  Caen,  the  founder  of 

■}•  Faecal  remains,  in  a  state  of  petrifac- 
tion, dispersed  through  the  same  strata  in 
which  the  skeletons  of  some  fossil  animals 
are  buried. 

The  state  of  preservation  of  these  very 
curious  petrified  bodies  is  often  so  perfect 
as  to  indicate  not  only  the  food  of  the  ani- 
mals from  which  they  were  derived,  but  also 
the  dimensions,  form,  and  structure  of  their 
stomach  and  intestinal  canal.  (See  Trans. 
Geol.  Society,  London,  1829.)  Buckland, 
Bridgewater  Treatise,  1836. 
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the  scientific  congresses  of  France,  was 
elected  president.  The  husiness  of  the 
conjiress  was,  as  in  other  similar  national 
associations,  divided  into  sections;  but 
the  subjects  of  inquiry  were  of  far 
greater  variety  than  in  the  German  or 
the  British  meetings.  At  Liege  there 
were  added  to  the  list,  legislation,  social 
economy,  agriculture,  manufactures, 
commerce,  history,  archaeology,  philo- 
logy, and  literature. 

Another  distinct  feature  of  the  Belgian 
congress  was,  the  preparation  of  ques- 
tions on  points  considered  the  most 
desirable  to  be  elucidated.  These 
amounted  to  about  80 :  they  were  printed 
in  a  programme,  and  distributed.  At 
the  general  meetings  they  were  pro- 
posed strza^ewi,  and  several  of  them  gave 
rise  to  discussions  of  great  interest,  and 
pregnant  with  the  most  valuable  infor- 
mation. When  it  is  stated  these  discus- 
sions did  not  prevent  papers,  of  great 
interest,  being  read  at 'the  general  as- 
semblies, it  will  puzzle  the  visiters  of 
the  Bristol  session  of  the  British  Asso- 
ciation, to  imagine  how  so  much  busi- 
ness could  be  accomplished.  It  may 
be  useful  that  they  should  know  that 
the  Belgian  philosophers  met  in  section 
at  six  o'clock  in  the  morning,  and 
worked  till  two.  They  then  rested  and 
refreshed,  and,  at  four  in  the  afternoon, 
met  in  general  assembly.  If  we  sup- 
pose, as  we  reasonably  may,  from  the 
business  done,  that  the  Bureaux  were 
attentive,  the  chairmen  exact  to  the 
appointed  hour,  and  the  members  punc- 
tual, what  a  contrast  shall  we  have  to 
the  blank  days,  the  late  hours*,  the 
empty  committee-rooms,  and  the  vacant 
chairs,  which  were  so  frequently  com- 
plained of  at  Bristol ! 

One  very  remarkable  circumstance 
occurred,  and,  it  is  said,  commanded  the 
deepest  attention  of  the  congress:  a 
Miss  Anna  Knight f,  niece  of  Mr.  Wil- 

•  The  sectional  committees  at  Bristol 
rarely  met  before  half-past  ten,  and  it  was 
seldom  that  a  section  was  in  actual  opera- 
tion till  eleven,  frequently  much  later,  and, 
except  in  one  or  two  of  them,  "  school  was 
up"  often  before  three.  This,  with  "  half- 
day  holidays,"  on  Tuesday,  Thursday,  and 
Saturday,  made  a  most  serious  waste  of  time. 

■f  We  should  think  this  is,  perhaps,  an 
error,  and  that  it  was  the  ci-devant  Miss 
Frances  "Wright  (now  married  to  a  French 
gentleman,  and  resident  at  Paris),  the  lady 
who  made  such  heroic  eftorts  in  this  cause 
in  the  United  States,  that  addressed  the 
congress. 


liam  Allen,  delivered  an  address  on  the 
abolition  of  the  slave-trade,  and  on  the 
complete  emancipation  of  the  negroes. 

The  second  Belgian  congress  is  to  be 
held  at  Ghent,  in  September,  1837. 

Bug-destroying  made  easy. 

M.  FouRNEL,  after  having  in  vain 
attempted,  by  every  known  means,  to 
destroy  the  bugs  which  infested  a  bed- 
stead, happened,  accidentally,  to  place 
in  the  room  where  the  bedstead  stood,  a 
handful  of  the  roots  of  the  narrow -leaved 
pepper-wort,  (Lepidium  ruderale.)  A 
short  time  after,  he  was  greatly  sur- 
prised, to  find  the  bugs  had  entirely  dis- 
appeared. On  examination,  he  per- 
ceived* that  the  insects  had  attached 
themselves  in  prodigious  quantities  to 
every  branch,  leaf,  and  flower  of  the 
pepper-wort.  The  fact  is  of  great  im- 
portance to  domestic  comfort,  as  it  fur- 
nishes an  easy  means  of  attracting  these 
insects  from  their  generally  inaccessible 
retreats,  and  consequently  of  eflfectu- 
ally  extirpating  them. 

Application  of  Science  to  Navigation — 
French  Prize-question. 

During  the  time  that  the  Baron  C. 
Dupin  held  the  office  of  Minister  of  the 
Marine,  in  the  government  of  France, 
he  induced  the  king  to  offer  a  reward  of 
6000  francs  (240Z.)  for  "  The  work  or 
memoir,  in  which  the  application  of  the 
mathematical  sciences  to  the  art  of  na- 
vigation shall  be  carried  to  the  farthest 
extent. 

The  term  prescribed  for  the  receipt  of 
the  competing  works  expires  in  the  en- 
suing month.  The  decision  on  their 
merits  is  to  be  made  by  the  Bureau  des 
Longitudes. 

New  Theodolite  for  surveying  under- 
ground. 

M.  Combes,  professor  at  the  Ecole  des 
Mines,  has  supplied  a  deficiency  felt  by 
raining  engineers,  of  an  instrument  for 
subterranean  surveying;  it  is  an  adapta- 
tion to  this  express  purpose  of  Gambey's 
theodolite,  which  was  constructed  for  the 
French  national  geodsesic  operations. 
The  minutiae  of  the  construction  of  M. 
Combes's  Subterranean  Theodolite,  as 
he  has  termed  it,  would  not  be  intelli- 
gible without  a  figure ;  and  we  notice 
the  improvement  merely  to  apprize  our 
countrymen  of  its  existence. 
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Recent  Account  of  the  African  Desert 
Sahara. 

The  extent,  nature,  formation,  and  en- 
croachments of  this  mighty  desert  have 
lately  been  more  accurately  defined  than 
heretofore  by  Ritter,  in  his  Geographie 
Comparee.  It  is  bounded  on  the  north 
by  the  Biledulgerid  {the  Country  of 
Dates)  ;  to  the  east  it  reaches  the  At- 
lantic ;  towards  the  south  it  stretches, 
very  uniformly,  to  the  Senegal  and  the 
Niger,  with  which  rivers  it  extends 
between  the  16°  and  18°  of  north  lati- 
tude, into  the  unknown  regions  of  east- 
ern Soudan.  In  magnitude,  the  Sahara 
may  be  compared  to  the  half  of  Europe, 
or  still  more  definitely  to  about  double 
the  Mediterranean;  the  area  of  the  desert 
being  72,000  geographical  square  miles, 
including  the  Oases,  and  to  50,000 
square  miles,  without  them:  its  length 
is  450,  and  its  width  300  geographical 
miles. 

The  essential  characteristic  of  this 
desert  consists  in  its  uniformity  both  of 
surface  and  substance ;  the  dead  level 
of  the  former  is  only  varied  by  compara- 
tively slight  elevations  and  depressions, 
— a  feature  which  precludes  the  accu- 
mulation of  large  bodies  of  water, — 
while  the  latter,  generally  speaking,  is 
a  mass  of  pebbles,  or  salt,  equally  dis- 
tributed. The  limestone,  which  rises 
into  the  elevations  in  the  neighbourhood 
of  Fezzan,  and  in  the  Haroush,  is,  ac- 
cording to  Humboldt,  of  a  formation 
analogous  to  that  of  the  Jura:  in  Dar- 
four  it  occasionally  encloses  granite,  talc, 
and  basalt.  The  rocks  are  covered  over 
with  pebbles,  shingle,  and  with  moving 
sand,  which  the  wind  raises  in  clouds  like 
to  a  fine  fog.  The  sand  of  the  Libyan 
desert  is  composed  of  transparent  frag- 
ments of  quartz,  about  the  third  of  a 
line  in  diameter;  with  this  the  surface 
of  the  subjacent  rock  is  equally  covered 
over  in  a  manner  analogous  to  that  with 
which  snow  would  be  deposited. 

The  eastern  portion  of  this  vast  desert 
is  much  freer  from  sand  than  the  west- 
ern ;  it  is  intersected  by  low  rocky 
shelves,  denuded  of  sand,  and  quite 
barren,  and  it  contains  a  great  num- 
ber of  oases.  The  western  part,  on  tlie 
contrary,  is  nearly  destitute  of  the  lat- 
ter; and  the  few  that  are  met  with 
are  very  limited  in  extent.  The  terrific 
huriicanes,  which  about  the  period  of 
the  equinoxes,  annually  sweep  over  this 
sandy  ocean,  being  directed  from  east 


to  west,  necessarily  lay  bare  the  eastern 
portion.  Hence  arises  that  great  quan- 
tity of  rolled  pebbles,  of  naked  rocks, 
and  of  denuded  oases,  which  are  found 
in  the  Sahara,  or  eastern  district;  while 
the  moving  sands  of  the  western  one, 
(the  Sahel)  advance  gradually  towards 
the  ocean,  and  are  formed  on  its  shores 
into  sandy  downs  by  the  effect  of  the 
great  rotatory  movement  of  the  Atlantic 
Ocean. 

Excellent  springs,  wells,  marshes 
and  lakes,  are  met  with  in  the  Sahara, 
on  the  sides  of  the  ranges  of  rocks,  espe- 
cially in  Winter :  but  all  these  advan- 
tages disappear  in  the  Sahel,  where 
nature  presents  no  variety.  Rivers, 
springs,  oases,  wells,  and  saline  lakes, 
are  there  nearly  unknown.  Nothing  is 
seen  but  indurated  rock-salt,  and  moving 
sand:  water  is  only  to  be  met  with  by 
digging  to  an  enormous  depth,  even 
where  the  process  is  at  all  practicable; 
while  the  few  wells  which  are  dispersed 
over  the  interior,  are  so  deep  that  the 
caravans  can  derive  no  advantage  from 
them.  To  prevent  their  being  choked 
with  sand,  the  wells  which  have  been 
successfully  established  are  walled  round 
with  bones  of  camels  for  want  of  stones, 
and  covered  over  with  skins:  the  skill 
with  which  the  conductors  of  caravans 
trace  their  way  in  these  monotonous  soli- 
tudes to  these  wells  when  once  known, 
is  admirable. 

The  prevailing  winds  in  the  Libyan 
desert  are  from  the  north  and  north- 
east; the  consequence  is  that  hills  of 
sand  are  continually  advancing  from 
those  quarters,  at  the  usual  rate  of  ten 
or  twelve  feet,  as  has  been  estimated  by 
the  gradual  disappearance  of  springs 
and  wells :  these  winds  only  raise  into 
the  air  the  fine  sand ; — the  pebbles  and 
shingle  remain  bare.  The  movingdesert 
consequently  covers  with  its  sands  those 
spaces  which  it  has  gained,  while  the 
wind  from  the  district  of  moving  sands 
converts  it  into  a  plain  of  gravel,  pebbles, 
and  shingle.  The  portion  designated 
as  Sahel,  thus  forming  the  advance 
guard  of  the  Sahara,  in  time  becomes 
converted  into  the  latter ;  but  this  phe- 
nomenon is  not  general  in  Libya.  The 
progressive  advance  of  the  sand  does 
not  then  leave  behind  it,  as  might  be 
expected,  vast  naked  plains,  because  the 
Mediterranean  is  ceaselessly  throwing 
up  considerable  masses  of  sand  on  its 
shores,  these  the  winds  seize  hold  of, 
and  carry  towards  the  interior  of  the  con- 


MISCELLANIES. 


331 


tinent :  this  process  may  be  detected  by 
the  gradual  disappearance  of  the  palm- 
trees  under  the  sand  along  the  coast. 
The  sea  has  even,  in  many  places, 
enabled  the  Libyan  desert  to  extend  its 
domain  at  the  expense  of  the  valley  of 
the  Nile.  This  encroachment  is  espe- 
cially remarkable  near  to  the  village  of 
Warden,  at  the  northern  extremity  of 
the  plain  of  Gizeh.  A  belief  in  this 
encroachment  of  the  sands  is  general 
among  the  Arabs,  who  possess  accurate 
knowledge  of  all  the  phenomena  of  the 
desert.  The  well-known  colossal  sphinx 
which  is  now  half  buried  by  the  sand, 
appears  to  them  a  talisman,  incessantly 
conjuring  the  storm  of  sand  not  to 
advance  further.  Caviglia,  who  under- 
took to  excavate  the  hillocks  of  sand 
accumulated  at  its  base,  discovered 
many  remarkable  objects  which  the 
desert  had  ingulfed. 

The  same  effects  from  the  sand  are 
perceivable  in  Nubia,  whereof  the  nu- 
merous sphinxes,  forming  the  avenue 
leading  to  the  propylseum  of  the  temple 
of  Sibhoi,  six  alone  are  now  visible:  all 
the  others,  together  with  the  greater 
part  of  this  superb  temple,  being  over- 
whelmed by  sand. 

An  account  of  a  recent  personal  visit 
to  the  Sahara  is  about  to  issue  from  the 
French  press  at  Algiers.  M.  Baudoin, 
a  native  of  Provence,  being  at  Algiers 
soon  after  the  taking  of  the  city  by  the 
French,  was  surprised,  as  he  was  walk- 
ing in  the  environs,  by  a  party  of  Arabs 
of  the  Issers  tribe,  and  carried  off  by 
them  into  their  own  territory ;  there 
they  circumcised  and  sold  him  to  a 
Mahometan  priest.  A  long  series  of 
travels  and  singular  adventures  followed 
this  event,  and  with  his  master  he 
reached  the  Sahara.  During  his  journey, 
he  describes  having  seen  some  wealthy 
cities  and  interesting  ruins  ;  among  the 
latter  he  saw  inscriptions,  whose  cha- 
x'acters  resembled  neither  the  Greek, 
nor  Latin,  nor  Arabic  alphabets.  Having 
obtained  his  liberty  by  the  death  of  his 
master,  who  fell  a  victim  to  the  cholera, 
which  raged  to  the  very  centre  of  Africa 
in  1835,  he  immediately  prepared  to 
rejoin  his  compatriots,  and  succeeded 
by  avoiding  the  direct  routes.  The 
narrative,  by  a  competent  person,  of 
a  journey  made  under  such  circum- 
stances, would  be  extremely  valuable, 
as  the  part  of  Africa  said  ,to  have  been 
visited  is  scarcely  known  to  Euro- 
peans. 


Huttonian  Theory  of  Rain  Con- 
troverted. 

The  most  plausible  Theory  of  Rain 
ever  given  to  the  world,  is  that  of  Dr. 
Hutton.  He  supposes  two  currents  of 
air  of  different  temperatures,  both  nearly 
saturated  with  vapour,  to  be  mingled 
together,  and  that  a  precipitation  of 
course  takes  place,  in  accordance  with 
the  known  fact,  that  at  their  mean  tem- 
perature all  their  vapour  cannot  be  re- 
tained, and  therefore  the  surplus  will  be 
precipitated.  This  theory  is  defective 
in  two  respects  :  First,  it  does  not  show 
how  two  currents  of  air  could  be  mingled 
to  any  considerable  extent;  and  second, 
it  does  not  show  by  calculation,  that 
rain  to  any  considerable  amount  would 
be  produced,  even  if  large  masses  of  air, 
at  very  different  temperatures,  should 
be  mingled  together,  which  it  would  be 
easy  to  show  never  can  happen,  espe- 
cially in  the  torrid  zone.  It  may  fairly 
be  presumed  that  no  advocate  of  the 
Huttorian  theory  would  suppose  that 
more  than  five  hundred  feet  of  a  stratum 
of  cold  air  could  be  mingled  with  a 
stratum  of  warm  air,  five  hundred  feet 
of  perpendicular  height.  Now  it  will 
be  found  by  calculation,  that  if  one  of 
these  strata  is  at  60°,  and  the  other  at 
40',  and  both  saturated  previous  to  their 
mixture,  the  whole  amount  of  precipita- 
tion, provided  they  took  the  mean  tem- 
perature of  50",  would  be  less  than  a 
grain  and  one  half  on  each  square  inch 
of  surface.  But  as  the  latent  caloric 
evolved  in  the  condensation  of  the 
vapo\jr,  would  not  suffer  the  mean  tem- 
perature of  the  two  strata,  when  mixed, 
to  be  acquired,  but  some  temperature 
above  50°,  therefore  a  less  quantity  than 
that  mentioned  would  be  precipitated. 
Such  a  quantity,  in  most  cases,  would 
be  entirely  evaporated  in  passing  down 
through  the  air  below,  and  never  reach 
the  earth. 

It  was  mentioned  before,  that  5"1 
inches  of  rain  fell  in  Wilmington,  on 
the  29th  of  July,  1834,  in  two  and  a 
half  hours  ;  let  us  see  whether  such  a 
rain  could  be  produced  at  all,  on  the 
Huttonian  principles,  making  the  most 
extravagant  allowance  for  the  quantity 
of  air  mingled,  and  also  for  the  differ- 
ence of  temperature  of  the  two  strata. 

Let  us  suppose,  then,  that  one-half 
of  the  atmosphere  at  80°  Fahr.,  should 
be  mingled  with  the  other  half  at  zero, 
over  the  region  round  Wilmington,  and 
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that  5"1  inches  of  rain  is 'the  result. 
What  will  be  the  temperature  of  the 
mingled  mass  after  the  rain  ?  The 
mean  temperature  is  40°,  which  would 
be  the  temperature  after  the  mixture,  if 
no  latent  caloric  is  given  out  in  the  con- 
densation of  vapour.  But  from  the 
principles  explained  before,  it  will  be 
found,  that  as  five  inches  of  rain  is 
i55  of  the  whole  atmosphere  in  weight, 
the  latent  caloric  given  out  in  the  con- 
densation of  the  vapour  forming  this 
rain,  will  be  sufficient  to  heat  the  whole 
compound  59"7°,  which  being  added  to 
the  mean  temperature  40°,  will  make 
the  temperature  of  the  air  after  the 
rain  997°,  almost  20°  hotter  than  the 
hottest  half  of  the  atmosphere  before 
the  mixture. 

Having  found  that  the  Huttonian 
theory  would  not  bear  the  test  of  calcu- 
lation, I  imagined  there  was  but  one 
other  possible  mode  of  condensing  va- 
pour, and  that  was  that  the  vapour  by  its 
own  elasticity  in  the  lower  parts  of  the 
atmosphere,  thrust  itself  up  into  a  cold 
stratum  above,  whenever  such  a  one 
overlapped  the  one  below,  and  was  thus 
condensed  into  rain.  * 

This  hypothesis,  I  thought,  was  alto- 
gether reasonable,  from  'the  great  dis- 
covery of  Dalton  and  Gay  Lussac,  that 
vapour  in  the  atmosphere  rests  only  on 
vapour,  and  thus  forms  an  independent 
atmosphere,  and  is  not  supported  in  the 
least  degree  by  the  air.  I  imagined, 
then,  that  vapour  could  rush  with  great 
velocity  from  air  where  the  dew-point 
was  high,  to  air  where  the  dew-point 
was  low.  But  when  I  discovered  that 
some  rains  were  so  great  as  to  be  beyond 
the  power  of  this  theory,  too,  I  began  to 
suspect  the  hypothesis  itself,  which  in- 
duced me  to  put  it  to  the  following  trial. 

I  united  two  glass  retorts  together  by 
their  necks,  then  having  covered  one 
with  snow,  I  put  ten  drops  of  water  into 
the  other,  and  placed  it  in  a  vessel  of 
water  at  the  temperature  of  130°,  letling 
it  remain  in  that  situation  seven  hours, 
the  temperature  of  the  room  during  the 
experiment  being  about  70°;  not  one 
drop  was  distilled  over  in  all  that  time. 

1  then  took  the  retorts  apart,  leaving 
open  the  neck  of  the  one  having  the 
water  in  it ;  it  has  continued  in  the  room, 
open  now  for  thirty  days,  with  a  tempe- 
rature of  70°  night  and  day,  and  the 
dew-point  in  the  room  never  as  high  as 
40°,  the  ten  drops  of  water  being  now 
only  slightly  diminished. 


This  refutes  the  hypothesis  of  rapid 
permeation  of  air  by  vapour,  and,  in- 
deed, proves  that  vapour,  like  heat, 
when  it  passes  up  to  the  upper  regions, 
must  be  carried  by  the  air,  and  not 
thrust  up  by  its  own  elasticity.  But  to 
return  from  this  digression ;  if  the 
Huttonian  theory  is  unable  to  produce 
such  a  rain  as  that  at  Wilmington, 
what  will  it  do  with  the  one  which 
occurred  at  Geneva,  on  the  25th  of 
October,  1822,  when  it  rained  thirty 
inches  in  twenty-four  hours  ;  or  the  one 
at  Joyeuse,  on  the  9th  of  October,  1827, 
when  it  rained  thirty-one  inches  in 
twenty-two  hours*? 

Or  how  will  it  account  for  a  storm  of 
hailt  which  fell  in  Orkney  on  the  24th 
of  July,  1818,  in  the  afternoon,  nine 
inches  deep  in  less  than  nine  minutes? 

Espy,     Franklin  Journal,  August, 

1836. 

Recent  Meeting  of  German  Natu- 
ralists, Sfc. 

The  annual  meeting  of  the  naturalists 
and  medical  men  of  Germany,  com- 
menced at  Jena,  in  the  Duchy  of  Saxe- 
Weimar,  on  the  20th  ult.,  and  termi- 
nated on  the  26th,  Dr.  Kieser,  President. 
The  number  of  members  was  large. 
From  countries  foreign  to  Germany, 
there  were  more  from  Great  Britain 
than  any  other.  France  did  not  appear 
to  have  had  one.  Among  the  British 
visiters,  were  Professors  Daubeny  (Ox- 
ford,) (distinguished  so  recently  for  the 
effective  discharge  of  his  duties  as  one 
of  the  secretaries  of  the  British  Asso- 
ciation at  Bristol,) — Graham  (Glasgow,) 
and — Kane  (Dublin.)  The  Grand  Duke 
of  S axe-Weimar  and  his  court  were 
present,  and  paid  the  most  marked 
respect  to  the  objects  and  members  of 
the  Association.  The  Duke  of  Saxe- 
Altenburg  founded  a  premium  in  Na- 
tural Philosophy,  for  the  students  of  the 
University  of  Jena,  as  a  token  of  the 
interest  he  felt  in  the  Association.  The 
meeting  for  1837  is  to  be  held  at 
Prague.  It  was  stated  that  the  number 
of  members  at  Bonn,  in  1835,  was 
about  five  hundred. 

Freiburg^  Suspension  Bridge, 

When  the  details  of  the  construction 
of  this  extraordinary  attempt,    to   sur- 

•  Edinburgh  Transactions,  1823, 
•f-  PouiLLBT  Elemens   de   Physique,  II. 
758. 
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pass,  in  span*,  every  other  bridge  which 
had  preceded  it,  were  examined  in  Eng- 
land, considerable  doubts  were  enter- 
tained, as  to  the  soundness  of  the  prin- 
ciples which  had  directed  some  parts 
of  the  arrangements,  particularly  in  that 
where  the  engineer  had  made  an  angle 
in  the  direction  of  the  land-chains,  and 
thus  deposited  a  part  of  the  pull  upon  the 
rock,  &c.,  where  the  angle  takes  place, 
instead  of  carrying  the  whole  pull  along 
one  continued  line,  to  the  point  of 
attachment  at  the  extremities  of  the 
chains,  as  in  Menai-Strait  Bridge. 

From  this,  or  from  other,  cause  have 
arisen,  we  regret  to  say,  some  appear- 
ances of  insecurity,  and  early  in  this 
year  the  authorities  of  Freiburg  tem- 
porarily prohibited  the  transport  of 
heavy  loads  along  it.  We  shall  rejoice 
to  hear  that  this  injunction  is  removed. 

Wanton  Destruction  annually  of  a 
Million  Chaldrons  of  Coal. 

As  there  is  no  reproduction  of  Coal  in 
this  country,  since  no  natural  causes  are 
now  in  operation  to  form  other  beds  of 
it ;  whilst,  owing  to  the  regular  increase 
of  our  population,  and  the  new  purposes 
to  which  the  steam-engine  is  continu- 
ally applied,  its  consumption  is  advanc- 
ing at  a  rapidly  accelerating  rate  ;  it  is 
of  most  portentous  interest  to  a  nation, 
that  has  so  large  a  portion  of  its  inhabit- 
ants dependent  for  existence  on  ma- 
chinery, kept  in  action  only  by  the  use 
of  coal,  to  economize  this  precious  fuel. 
I  cannot,  therefore,  conclude  this  inte- 
resting subject  without  making  some 
remarks  upon  a  practice  which  can  only 
be  viewed  in  the  light  of  a  national 
calamity,  demanding  the  attention  of 
the  legislature. 

We  have,  during  many  years,  wit- 
nessed the  disgraceful  and  almost  incre- 
dible fact,  that  more  than  a  million 
chaldrons  per  annum,  being  nearly  one- 
third  part  of  the  best  coals  produced  by 
the  mines  near  Newcastle,  have  been 
condemned  to  wanton  waste,  on  a  fiery 
heap  perpetually  blazing  near  the  mouth 
of  almost  every  coal-pit  in  that  dis- 
trict. 

This  destruction  originated  mainly  in 

*  The  iuterval  between  the  suspending 
piers  of  the  Freiburg  Bridge  is  about  870 
English  feet,  and  its  clear  span  about  806 
feet.  The  Menai-Strait  Bridge  (same  as 
its  span)  is  522  feet. 


certain  legislative  enactments,  provid- 
ing that  Coal  in  London  should  be  sold, 
and  the  duty  upon  it  be  rated,  by 
measure,  and  not  by  weight.  The 
smaller  coal  is  broken,  the  greater  the 
space  it  fills  ;  it  became,  therefore,  the 
interest  of  every  dealer  in  Coal,  to  buy 
it  of  as  large  a  size,  and  to  sell  it  of  as 
small  a  size  as  he  was  able.  This  com- 
pelled the  proprietors  of  the  Coal-mines 
to  send  the  large  Coal  only  to  market, 
and  to  consign  the  small  Coal  to  de- 
struction. 

In  the  year  18.30,  the  attention  of 
parliament  was  called  to  these  evils ; 
and  pursuant  to  the  Report  of  a  Com- 
mittee, the  duty  on'  Coal  was  repealed, 
and  Coal  directed  to  be  sold  by  weight 
instead  of  measure.  The  effect  of  this 
change  has  been,  that  a  considerable 
quantity  of  Coal  is  now  shipped  for  the 
London  market,  in  the  state  in  which  it 
comes  from  the  pit ;  that  after  landing 
the  cargo,  the  small  coal  is  separated  by 
screening  from  the  rest,  and  answers  as 
fuel  for  various  ordinary  purposes,  as 
well  as  much  of  the  Coal  which  was 
sold  in  London  before  the  alteration  of 
the  law. 

The  destruction  of  Coals  on  the  fiery 
heaps  near  Newcastle,  although  di- 
minished, still  goes  on,  however,  to  a 
frightful  extent,  that  ought  not  to  be 
permitted ;  since  the  inevitable  conse- 
quence of  this  practice,  if  allowed  to 
continue,  must  be,  in  no  long  space  of 
time,  to  consume  all  the  beds  nearest  to 
the  surface,  and  readiest  of  access  to  the 
coast ;  and  thus  enhance  the  price  of 
Coal  in  those  parts  of  England  which 
depend  upon  the  Coal-field  of  New- 
castle for  their  supply ;  and  finally  to 
exhaust  this  Coal-field,  at  a  period, 
nearer  by  at  least  one-third,  than  that  to 
which  it  would  last,  if  wisely  econo- 
mized. (See  Report  of  the  Select  Com- 
mittee of  the  House  of  Commons,  on  the 
state  of  the  Coal  Trade,  1830,  page  242, 
and  Bakewell's  Introduction  to  Geology, 
1833,  pages  183  and  543. 

We  are  fully  aware  of  the  impolicy  of 
needless  legislative  interference ;  but  a 
broad  line  has  ben  drawn  by  nature  be- 
tween commodities  annually  or  periodi- 
cally reproduced  by  the  soil  on  its  sur- 
face, and  that  subterranean  treasure, 
and  sustaining  foundation  of  Industry, 
which  is  laid  by  Nature  in  strata  of 
mineral  Coal,  whose  amount  is  limited, 
and  which,  when  once  exhausted,  is 
gone  for  ever.     As  the  Law  most  justlj 
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interferes  to  prevent  the  wanton  de- 
struction of  life  and  property,  it  should 
seem  also  to  be  its  duty  to  prevent  all 
needless  waste  of  mineral  fuel ;  since 
the  exhaustion  of  this  fuel  would  irre- 
coverably paralyze  the  industry  of  mil- 
lions. The  tenant  of  the  soil  may  neg- 
lect, or  cultivate  his  lands,  and  dispose 
of  his  produce,  as  caprice  or  interest 
may  dictate  ;  the  surface  of  his  fields  is 
not  consumed,  but  remains  susceptible 
of  tillage  by  his  successor ;  had  he  the 
physical  power  to  annihilate  the  Land, 
and  thereby  inflict  an  irremediable  in- 
jury upon  posterity,  the  legislature 
would  justly  interfere  to  prevent  such 
destruction  of  the  future  resources  of 
the  nation. 

This  highly-favoured  country  has  been 
enriched  with  mineral  treasures  in  her 
strata  of  Coal,  incomparably  more  pre- 
cious than  mines  of  silver  or  of  gold. 
From  these  sustaining  sources  of  in- 
dustry and  wealth  let  us  help  ourselves 
abundantly,  and  liberally  enjoy  these 
precious  gifts  of  the  Creator ;  but  let  us 
not  abuse  them,  or  by  wilful  neglect  and 
wanton  waste,  destroy  the  foundations 
of  the  industry  of  future  generations. 

Might  not  an  easy  remedy  for  this 
evil  be  found  in  a  legislative  enactment, 
that  all  Coals  from  the  ports  of  North- 
umberland and  Durham,  should  be 
shipped  in  the  state  in  which  they  come 
from  the  pit,  and  forbidding  by  high 
penalties  the  screening  of  any  sea-borne 
Coals  before  they  leave  the  port  at  which 
they  are  embarked.  A  law  of  this  kind 
would  at  once  terminate  that  ruinous 
competition  among  the  coal-ownerswhich 
has  urged  them  to  vie  with  each  other 
in  the  wasteful  destruction  of  small 
Coal,  in  order  to  increase  the  profits  of 
the  coal -merchants,  and  gratify  the  pre- 
ference for  large  Coals  on  the  part  of 
rich  consumers ;  and  would  also  afford 
the  public  a  supply  of  Coals  of  every 
price  and  quality,  which  the  use  of  the 
screen  would  enable  him  to  accommo- 
date to  the  demands  of  the  various 
classes  of  the  community. 

A  further  consideration  of  national 
policy  should  prompt  us  to  consider  how 
far  the  duty  of  supporting  commercial 
interests,  and  Of  husbanding  the    re- 


sources of  posterity  should  permit  us  to 
allow  any  extensive  exportation  of  Coal 
from  a  densely-peopled  manufacturing 
country  like  our  own";  a  large  propor- 
tion of  whose  present  wealth  is  founded 
on  machinery,  which  can  be  kept  in 
action  only  by  the  produce  of  our  native 
Coal-mines,  and  whose  prosperity  can 
never  survive  the  period  of  their  ex- 
haustion. — BucKLANDS  Bridgewater 
Treatise. 

Clerical  Error  in  the  Ainerican 
Patents-Law. 

In  all  the  copies  of  tlie  American  Pa- 
tents-Law passed  in  July  last,  which 
have  reached  this  country,  there  is  a 
discrepancy  as  to  the  cost  of  the  patent. 
Sect.  9  states  that  thirty  dollars  must 
be  paid  on  an  application  for  a  patent ; 
sect.  18  states  \\\dit  forty  dollars  must  be 
paid  on  an  application  for  an  extension 
of  the  terra  of  a  patent,  "as  in  the 
case  of  an  original  application  for  a 
patent."  We  find  it  the  same  in  the 
copy  of  the  law  printed  in  the  Franklin 
Journal,  published  at  Philadelphia  in 
September.  This  has  led  to  an  error 
in  Art.  2  (a)  and  5  of  the  Tarifi"of  Fees 
published  p.  252  of  this  Volume.  Upon 
inquiry,  we  ai'e  assured  that  to  be  cor- 
rect they  should  stand  thus : — 

Dolls.     £   s.   d. 
2.    Application  for  Patent, — 

(a)  If  by  a  Citizen,  or  by  an 
Alieu-resideiit    of    a    year, 
liaving  made  oath  of  an  in- 
tention to  become  Citizen  . .    30...     6  15    0 
5.    Extension  of  Patent- Term  ...    30...     6  15    0 

Patent-Law  Grievance.    No.  VIII. 

The  penalties  inflicted  on  the  inventive 
genius  of  Britain  during  the  present 
year,  up  to  the  25th  ult.,  in  the  shape  of 
government  stamps  and  fees  on  patents, 
amount  to  more  than  £36,000 ! 

N.B.  This  sum  has  been  paid  in 
ready  money,  on  taking  the  first  steps, 
and  as  many  of  the  inventors  are  poor 
men,  (operatives,)  and  a  great  many 
others  of  them  persons  to  whom  it  would 
be  very  imonvenient  to  pay  at  least 
f  100  down,  they  have  been  obhged  to  go 
into  debt,  or  mortgage  or  dispose  of  their 
inventions,  either  wlwlly  or  in  part,  &c. 


3:^5 


NEW    PATENTS.    1836. 


N.  B. — The  first  Diite  annexed  to  each  Patent,  is  that  on  which  it  was  sealed  and  granted;  the  sei-ond 

that  on  or  before  which  the  Specification  must  be  delivered  and  enrolled. The  abbreviation  For. 

Coiiin.,  signifies  that  the  invention,  &c.,  is  "a  communication  from  a  foreigner  residing  abroad." 


September  cont. 

219.  Moses  Poole,  Lincoln's  Inn,  Mid(h\, 
Gent,  ;  for  improvements  in  anchors  and  in 
friction-rollers,  to  facilitate  the  lowering 
and  raising  anchors,  and  for  other  purposes. 
Sept.  15. — March  15.     For.  Comm. 

220.  William  Pringle  Green,  Fal- 
mouth, Cornw.,  Lieut.  R.N. ;  for  improve- 
ments on  capstans  applicable  to  ships  and 
other  purposes,  and  for  contrivances  to  re- 
duce manual  labour  at  capstans  used  at 
mines.     Sept.  28. — March  28. 

221.  John  Isaac  Hawkins,  Chase  Cot- 
tage, Hampstead-Road,  Middx.,  Civil-en- 
gineer ;  for  an  improvement  in  the  blowing- 
pipe  of  blast-furnaces  and  forges.  Sept.  28. 
— March  28.     For.  Comm. 

222.  George  Crane,  Yuiseedy^vyn  Iron- 
works, Swansea,  Iron  Master;  for  an  im- 
provement in  the  manufacture  of  Iron. 
Sept.  28.— March  28. 

22.3.  William  Neale  Clay,  West  Brom- 
wich,  Staff.,  Manufacturing  Chemist;  for 
improvements  in  the  manufacture  of  sul- 
phate of  soda.     Sept.  28. — March  28. 

224.  Richard  Pearson,  St.  Giles,  Oxford, 
Organist;  for  improvements  in  drags,  or 
apparatus  for  retarding  carriages.  Sept. 
28.— March  28. 

Total,  September...21. 


October. 

225.  John  Ledyard  Phillips,  Melksliam, 
Wilts.,  Cloth  Manufacturer ;  for  an  im- 
provement in  the  manufacture  of  woollen 
cloths.     Oct.  4.— Dec.  4. 

226.  James  White,  Lambeth,  Surry, 
Engineer ;  for  improvements  on  railways. 
Oct.  4.— April  4. 

227.  Charles  William  Stone,  Finchley, 
Middx.,  Mechanic;  for  improvements  in 
harness,  for  weaving  purposes,  and  in  the 
apparatus  for  making  the  same.  Oct.  4. — 
April  4.     For.  Comm. 

228.  Henry  Huntley  Mohun,  Wal- 
worth, Surry,  D.M.  ;  for  improvements  in 
the  manufacturing  of  fuel.    Oct.  4. — April  4. 

229.  Samuel  Tonkin  Jones,  Manchester, 
Lane,  Merchant;  for  improvements  in  the 
tanning  of  hides  and  skins.  Oct.  6 — Apr.  6. 

230.  Miles  Berry,  Chancery-Lane, 
Middx.,  Mechanical  Draftsman;  for  im- 
provements   in   machinery,    or    apparatus 


for  manufacturing   metal  screws,     Oct.  6. 
— April  6. 

231.  John  Sharp,  Dundee,  Forfar,  N.B., 
Flax  Spinner;  for  machinery  for  con- 
verting ropes  into  tow,  and  improvements 
in  machinery  for  preparing  hemp  or  flax 
for  spinning ;  part  of  which  improvements 
are  applicable  to  the  preparing  of  cotton, 
wool,  and  silk,  for  spinning.  Oct.  8. — 
April  8. 

232,  Henry  Scott,  Jun,,  and  Robert 
Stephen  Oliver,  Hatters,  Edinburgh,  for 
improvements  in  the  manufacture  of  hats, 
caps,  and  bonnets,  Oct.  13. — Apr.  13.  For. 
Comm. 

233.  Frederick  Gathner,  Birmingham, 
Wariv.,  Brass-founder;  for  improvements 
applicable  to  the  drawing  or  winding  up  of 
window  and  other  roller-blinds,  or  majis. 
Oct,  13,— April  13, 

234,  John  Hemming,  Edward-St,,  Port- 
man-Sqr,,  Middx.,  Gent. ;     for   improve- 

\  ments  in  the  manufacture  of  white-lead. 
'\  Oct.  13.— April  13. 

I      235.    Thomas     Lutwtche,     Liverpool, 

'  Lane,,  Manufacturing    Chemist ;    for    im- 

i  provements  in  the  construction  of  apparatus 

used  in  the  decomposition  of  common  salt, 

and  in  the  method  of  working  or  using  the 

same.     Oct.  13. — April  13. 

236.  John  Ruthven,  Edinburgh,  for  im- 
provements in  the  formation  of  rails  or 
rods  for  making  railways,  and  in  the  me- 
thod of  fixing  or  joining  them.  Oct.  13. 
—April  13. 

237.  Charles  Pierre  Devaux,  Fen- 
church-st.,  Lond.,  Merchant ;  for  an  im- 
proved apparatus  for  preventing  the  explo- 
sion of  boilers  or  generators  of  steam. 
Oct.  13.— April  13.    For.  Comm. 

238.  John  Joseph  Charles  Sheridan, 
Peckham,  Surry,  Chemist;  for  improve- 
ments in  the  several  processes  of  saccharine, 
vinous,  and  acetous  fermentation.  Oct. 
20.— April  20. 

239.  William  Bridges  Adams,  Breck- 
nock-Crescent, Camden-Town,  Middx., 
Coach-Maker ;  for  certain  improvements  in 
wheel-carriages.     Oct.  20. — April  20. 

240.  Christopher  Nickels,  Guildford- 
st.,  Lambeth,  Surry,  Manufacturer  of  Ca- 
outchouc, for  improvements  in  preparing 
and  manufacturing  caoutchouc,  applicable 
to  various  useful  purposes.  Oct.  24. — 
April  24.     For,  Comm,  in  part. 
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DR.  BUCKLAND'S  BRIDGEWATER  TREATISE. 

Geology  and  Mineralogy  considered  with  reference  la  Natural  Theology, 
By  William  Buckland,  D.D.  &c.     2  vols.  8vo. 

The  Bridgewater  Treatises  may  be  regarded  as  marking  an  epoch  in 
our  literature :  the  agreeable  and  attractive  manner  in  which  the  most 
exalted  subject  which  can  occupy  the  mind  of  man — the  knowledge  of 
the  Creator  and  his  attributes — has  been  inculcated  in  these  works, 
having  been  productive  of  as  much  pleasure  combined  with  instruction  as 
perhaps  any  equal  number  of  volumes  ever  published.  If,  therefore,  Dr. 
Buckland's  Avork  had  only  constituted  the  concluding  one  of  the  series  it 
would  have  excited  great  interest,  but  other  circumstances  have  concurred, 
to  attach  peculiar  importance  to  his  contribution,  and  these  circumstances 
must  be  borne,  in  mind  to  enable  us  to  appreciate  the  difficulties  which 
the  author  had  to  contend  with,  and  the  degree  of  success  with  which  he 
may  be  considered  to  have  overcome  them. 

The  publication  of  the  Reliquice  Diluvianoe*  has  caused  Dr.  Buckland 
to  be  looked  upon  as  the  champion  of  that  party  which  views  with 
jealousy  and  suspicion  those  discoveries  made  by  geologists  as  to  the  past 
history  of  our  globe,  which  appear  at  variance  with  the  Mosaic  account 
of  the  Creation.  Most  of  our  readers  may  recollect  the  triumph  with 
which  that  work  was  received  as  a  refutation  of  these  deductions.  Scientific 
men,  who  had  simply,  in  good  faith,  promulgated  the  results  of  their 
investigations  had  been  accused  of  infidelity,  and,  in  the  blind  zeal  to 
expose  them,  the  charity  which  ought  to  have  attributed  their  supposed 
errors  to  defective  judgment,  rather  than  to  sinister  intentions,  and  the 
common  sense  which  should  have  suggested  that  it  was  another,  and 
equally  authentic  revelation  of  Divine  powert,  which  they  were  attempt- 
ing to  interpret,  were  alike  forgotten. 

We  fear  it  was  as  much  this  party  feeling  as  Dr.  Buckland's  acknow- 
ledged qualifications  for  the  task,  that  caused  him  to  be  selected  to  Avrite 
the  treatise  on  Geology  for  the  Bridgewater  series ;  and  the  result  of  his 
labours  was,  naturally,  expected  with  anxiety  by  two  classes  of  readers. 
The  religious  alarmists  hoped  that  they  would  produce  an  explanation  ol 
the  facts  recently  ascertained  as  to  the  early  state  of  our  planet,  which 
would  be  in  accordance  with  their  views ;  for  the  scrupulous  adherence 
to  the  purest  spirit  of  inductive  philosophy,  which  has  characterized  the 
prosecution  of  this  branch  of  science,  during  the  last  twenty  years,  has 
given  an  authority  to  the  deductions  promulgated  by  its  cultivators,  that 
cannot  be  shaken  by  mere  declamatory  arguments. 

On  the  other  hand,  those  who  had  received  these  deductions  as 
physical  truths,  without  reference  to  their  bearings  on  a  subject  with 
which  they  had  properly  no  connexion,  were  curious  to  ascertain  how 
far  Dr.  Buckland  would  feel  himself  obliged  to  modify  his  opinions,  in 
consequence   of  the   facts  brought  to  light  since  the  publication  of  his 

*  ReliquicB  DiluvtancB,ov  Ohsevyaiionsou     Action   of  an   Universal  Deluge. — 4to,, 


the  Organic  Remains  contained  in  Caves, 
Fissures,  and  Diluvial  Gravel:  and  on 
other  Geological  Phenomena,  attesting  the 


1823. 

-f-  The  "  book  of  God's  works"  as  Lord 
Bacon  styles  Nature. 
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former  work.  They  knew  tliat  even  in  tlie  Reliquice  Diluviance,  thougli 
the  truth  had  been  told,  it  was  not  the  whole  truth;  enough  had  been 
stated  to  furnish  arguments  to  those  Avho,  unable  or  unwilling  to  examine 
for  themselves,  were  desirous  of  decrying  opinions  repugnant  to  their 
feelings,  but  the  suppressed  evidence  was  as  fatal  to  these  arguments  as 
that  brought  forward  appeared  favourable  to  them,  and  the  time  was  now 
arrived,  when  that  evidence  was  too  generally  known  and  admitted  by 
competent  judges,  not  to  be  openly  alloAved  by  all*. 

It  will  be,  therefore,  acknowledged  that  Dr.  Buckland  had  a  difficult 
and  a  delicate  task  to  execute  in  his  present  work.  His  character  as  a 
scientific  man  required  from  him  a  full  exposition  of  those  geological  facts 
which  had  been  authenticated,  and  of  the  conclusions  which  followed  from 
them,  whether  they  were  in  accordance  or  not,  with  the  doctrines  he  had 
previously  advocated;  while  the  unfortunate  association  between  the  truths 
of  a  physical  science  and  those  of  a  moral  revelation,  which  he  had  so 
essentially  assisted  in  establishing,  compelled  him  again  to  enter  into  a  dis- 
cussion, alike  injurious  to  true  religion  and  to  sound  knowledge.  Having 
considered  the  subject  in  its  theological  bearing  in  another  place,  we  shall 
no  further  allude  to  this  discussion  than  to  point  out  how  Dr.  Buckland 
in  his  present  work  has  erred,  in  our  opinion,  by  again  mixing  up  two 


*  We  must  refer,  generally,  on  this  sub- 
ject, to  the  article  on  Geology  in  our  last 
number;  nevertheless  we  will  here  briefly 
recapitulate  the  evidence  by  which  the  as- 
sertion in  the  text  is  supported. 

Dr.  Buckland's  object,  in  his  former 
work,  was  to  show,  "  that  the  general  dis- 
persion of  gravel  and  loam  over  hills  and 
elevated  plains  as  well  as  valleys,  was  the 
effect  of  an  universal  and  transient  do- 
luge;"  that  the  general  form  of  valleys, 
their  mutual  connexion  and  ramifications, 
could  only  be  accounted  for  on  this  suppo- 
sition ;  tliat  the  evidence  derived  from  the 
races  of  animals  destroyed  at  the  period, 
and  the  tradition  throughout  all  nations  of 
such  a  cataclysm,  were  collateral  proofs  of 
it ;  and  that  the  event  had  occurred  about 
(JOOO  years  ago.  Therefore  these  effects 
were  the  result  of  the  Noachian  deluge. 

"  In  the  full  confidence  that  these  diffi- 
culties will  at  length  be  removed,  by  the 
further  extension  of  physical  observations, 
we  may  for  the  present  rest  satisfied  with 
the  argument  that  numberless  phenomena 
have  been  already  ascertained,  which,  with- 
out the  admission  of  an  universal  deluge,  it 
seems  not  easy,  nay,  utterly  impossible  to 
explain."  {JReliq.  Dil.)  "  And  by  afford- 
ing the  strongest  evidence  of  an  universal 
deluge  leads  us  to  hope  that  it  will  no 
longer  be  asserted,  as  it  has  been  by  high 
authority,  that  geology  supplies  no  proofs 
of  an  event,  in  the  reality  of  which  the 
truth  of  the  Mosaic  records  is  so  materially 
involved."  (Dedication  to  the  Bishop  of 
Durham.) 

Our  readers  are  aware  that  Dr.  Buck- 


land  lias  acknowledged  that  subsequent 
discoveries  have  invalidated  the  justness  of 
his  conclusions  deduced  from  organic  re- 
mains, but  he  lias  not,  that  we  know  of, 
exposed  the  other  weak  points  in  his  argu- 
ments, which  it  did  not  require  any  addi- 
tional ffirts  to  make  evident. 

Though  there  was  physical  evidence  of 
the  violent  effects  of  water  over  the  whole 
knoivn  surface  of  the  earth,  as  far  as  it 
liad  been  examined,  yet  there  was,  not  only, 
none  that  it  had  acted  simultaneously,  even 
at  any  two  adjoining  localities,  but  the  very 
circumstance  that  the  traces  were  those  of 
violent  currents,  excavating  valleys,  de- 
positing gravel,  boulders,  &c.,  on  hill-sides 
and  tops,  was  a  direct  proof  that  the  water 
had  not  acted  universally  and  simulta- 
neously. If  we  suppose  a  mountam  lake  to 
burst  its  barrier,  or  a  subterranean  move- 
ment to  elevate  a  large  extent  of  the  bed 
of  the  ocean,  the  hydraulic  action  of  the 
water  so  displaced  might  produce  such 
effects  as  those  mentioned.  But  no  laws 
with  which  we  are  acquainted  could  cause 
currents,  adequate  to  that  purpose,  in  an 
ocean  graduallyelevated  above  the  summits 
of  the  highest  mountains;  and  Dr.  Buck- 
land  must  have  been  aware  that,  except  by 
the  immediate  will  of  a  Divine  Power,  sus- 
pending at  his  pleasure  the  otherwise 
immutable  laws  of  nature,  no  universal 
deluge  ever  could  have  occurred  on  the 
earth.  The  attempt,  therefore,  to  estab- 
lish the  truth  of  a  miracle  by  human  rea- 
soning was  in  this,  as  in  every  other  case, 
as  unphilosophical  as  it  was  fruitless. 
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such  incongruous  matters.  The  ohject  of  the  Bridgewater  treatises, 
according  to  their  founder's  intention,  w;is/o  illuslrate  the  power,  tvisdom, 
ajid  goodness  of  God,  inanij'ested  in  the  creation  ;  in  shol't,  both  according 
to  the  words,  as  well  as  the  spirit  of  the  bequest,  they  were  intended  to 
form  a  body  of  Natural  Theology,  in  which  the  arguments  adduced  by 
Paley  and  others  should  be  elaborated,  extended,  and  corrected,  according 
to  the  improved  state  of  our  knowledge  of  the  material  universe.  It  was 
by  strictly  adhering  to  this  plan,  and  by  sedulously  avoiding  reference  to 
Revelation,  that  Dr.  Buckland's  colleagues,  with  a  single  exception,  suc- 
ceeded in  producing  a  series  of  works  equally  instructive  and  beneficial ; 
this  path  was  open  to  that  gentleman,  and  the  example  of  Mr.  Kirby 
should  have  warned  him  of  the  mischief  that  must  accrue  from  deviating 
from  it ;  but  the  author  of  the  Reliquiae  Diluviance,  fettered  by  the  load 
of  his  previous  reputation,  appears  to  have  been  unwilling  entirely  to 
surrender  a  position  by  the  defence  of  Avhich  it  was  acquired ;  and  has 
consequently  missed  the  opportunity  of  establishing  a  more  permanent 
and  more  desirable  celebrity,  by  becoming  the  author  of  a  work  which 
should  be  equally  characterized  by  sound  knowledge,  philosophical 
reasoning,  and  by  its  freedom  from  polemical  disquisitions. 

Ever  since  the  futility  of  all  attempts  to  construct  a  "  theory  of  th« 
earth,"  in  the  present  state  of  our  knowledge,  Avas  distinctly  recognised, 
it  has  been  the  proud  boast  of  the  cultivators  of  geology  that  they  sedu- 
lously avoided  all  speculative  hypotheses,  and  confined  themselves  to  the 
accumulation  of  facts;  it  is  the  strict  adherence,  by  the  leading  geologists 
of  our  times,  to  this  precept,  that  has  raised  the  science  to  its  present 
pre-eminence,  and  has  made  the  study  of  it  attractive  to  well-disciplined 
minds. 

The  first  prominent  defect  that  strikes  us  in  the  outset  in  Dr.  Buck- 
land's  book,  is  occasioned  by  the  disregard  of  this  rule;  having  com- 
menced with  a  disquisition  on  the  verbal  interpretation  of  the  Mosaic 
cosmogony,  and  having  endeavoured  to  prove  that  there  is  no  discrepancy 
between  that  record  of  creation  and  the  results  of  our  observations  on  the 
successive  conditions  of  the  earth.  Dr.  Buckland  could  hardly  avoid 
entering  into  an  account  of  the  first  emergence  of  the  globe  from  a 
chaotic  state,  and  by  so  doing,  he  has,  in  some  measure,  blighted  the 
ripening  fruits  of  the  more  philosophical  mode  of  proceeding,  of  his 
cotemporaries. 

But  failure  accompanies  this  as  well  as  every  other  attempt  to  sub- 
stantiate revealed  truth  by  the  collateral  aid  of  finite  intelligence.  Dn 
Buckland's  cosmogoray  has  not  the  slightest  connexion  with  that  of 
Moses,  and  is  obscure  and  unintelligible;  although  the  deductions  of 
physical  astronomy  render  it  highly  probable,  that  our  globe  may  have,  at 
one  time,  been  in  a  semi-fluid  state,  yet  no  knowledge  we  at  present 
possess  can  enable  us  to  frame,  with  anything  approaching  consistency, 
an  account  of  its  transition  from  a  level,  uniform,  spheroidal  surface;, 
acquired  by  rotation,  to  its  present  irregularity,  both  in  density  and  level. 
This  subject  has  been  touched  on  by  a  cotemporary  geologist  of  the  first 
i-ank,  and  we  gladly  avail  ourselves  of  his  words, 

*'  It  is  dilficult  for  a  speculator  to  believe,  that  Geology  may  become 
a  very  important  branch  of  Natural  science,  though  it  should  wholly  dis- 
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claim  the  investigation  of  problems  concerning  the  creation  or  concen- 
tration of  the  matter  of  the  globe,  or  the  establishment  of  the  laws  of  the 
universe.  To  know  the  successive  changes  Avhich  the  globe  has  under- 
gone, and  thus  to  trace  a  retrospective  outline  of  its  successive  conditions, 
is  actually  attempted  by  geology ;  but  the  very  processes  employed  in  this 
enterprise  are  founded  on  the  recognition  of  the  existing  laws  of  nature, 
and  altogether  exclude  the  popular  notion  of  a  chaos,  and  the  phi- 
losophical hypotheses  of  a  solid  globe,  condensing  from  an  atmospheric 
expansion." 

"  Undoubtedly  the  progress  of  legitimate  geology  teaches  us  that  the 
same  laws  of  nature  have  operated  on  this  globe  under  very  different 
circumstances,  as  to  temperature,  relation  of  land  and  sea,  animal  and 
vegetable  life,  and  many  other  things,  and  it  is  become  a  proper  problem 
for  geology  to  discover  these  circumstances.  In  this  point  of  view,  the 
reflections  of  Leibnitz  and  the  mathematical  labours  of  La  Place  and  the 
astronomers,  become  of  great  value,  since  they  help  to  fix  conspicuous 
landmarks  for  the  guidance  of  the  surveyors  in  this  large  field  of  science  ; 
but  let  no  one  delude  himself  with  the  notion  of  discovering  by  geological 
processes  the  emergence  of  the  harmoniously-adjusted  terraqueous  globe 
from  a  former  state  of  chaos.  It  is  certainly  not  a  philosophical,  and 
surely  cannot  be  thought  a  religious  notion,  that  man  shall  ever  discover, 
among  the  works  of  God,  the  traces  of  a  period  when  his  divine  attributes 
■were  first  awakened  to  rescue  his  creation  from  anarchy.  Geology  takes 
for  granted  the  existence  and  collection  of  the  matter  of  the  globe,  with  its 
supernatant  ocean  and  its  enveloping  atmosphere.  Except  in  the  degree 
of  influence  which  circumstances  permit  them  to  exert,  it  takes  for 
granted  the  uniformity  of  action  of  all  material  causes.  The  investi- 
gation of  miracles  never  can  be  admitted  into  natural  science."  (Professor 
Phillips,  Art.  Geology,  Encyclop.  Metropol.) 

Accordingly  we  regard  Dr.  Buckland's  accoxmt  of  the  original  state  of 
the  globe,  and  of  the  solidification  of  its  surface  by  radiation,  oxidation, 
&c.,  brief  and  general  as  it  is,  as  positively  mischievous  in  an  elementary 
work,  intended  for  instruction  to  persons  not  conversant  with  philo- 
sophical reasoning,  because  it  tends  to  give  them  erroneous  notions  as  to 
the  proper  objects  and  limits  of  the  science. 

Dr.  Buckland  has  obviously  aimed  at  making  his  work  popularly 
attractive,  but  he  has  done  so  at  the  expense  of  making  it  beneficial.  No 
one  totally  ignorant  of  geology  could  acquire  any  connected  outline  of 
information  on  the  subject,  from  his  volumes  alone.  We  think  he  judged 
rightly,  in  omitting  purely  mineralogical  details,  and  in  refei-ring  his 
readers  to  other  works  for  that  information;  but,  by  altogether  passing 
over  the  investigation  of  the  modes  in  which  existing  agencies  are  cease- 
lessly engaged  in  removing  and  renewing  the  inequalities  of  the  earth's 
surface,  in  transporting  to  the  ocean,  by  means  of  running  water,  the 
materials  for  new  strata,  analogous  in  their  characters  to  those  which  now 
constitute  the  stratified  crust  of  the  globe,  and  by  avoiding  discussion  on 
the  probable  action  of  subterranean  forces  in  modifying  these  and  former 
deposits, — he  has  voluntarily  renounced  a  fertile  source  of  interest  and 
instruction,  no  wise  inferior  to  that  which  he  has  explored.  It  is  true, 
that  accounts  of  the  discoveries  of  pre-existing  organized  beings,  diflferinj?- 
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in  form  from  those  now  inhabiting  the  globe,  and  of  the  series  of  induc- 
tions by  wliich  anatomists  are  enabled  to  read  the  history  of  an  extinct 
species  in  a  small  portion  of  its  relics,  may  appear  more  captivating  than 
dry  details  of  mere  chemical  and  mechanical  actions  ceaselessly  modifying 
the  surface  of  our  planet.  But  the  two  classes  of  phenomena  are  too 
intimately  connected  with  its  history,  to  allow  of  the  one  being  correctly 
treated  independently  of  the  other ;  and  an  author  of  Dr.  Buckland's  rank 
and  authority  should  rather  have  directed  his  readers  in  the  right  path 
to  knowledge,  than  have  humoured  an  idle  taste  for  Avhat  was  especially 
amusing.  The  existence  of  this  taste  being  strongest  in  least  cultivated 
minds,  it  becomes  the  imperative  duty  of  a  teacher  to  conti'ol  it  by  strict 
mental  discipline  ;  unfortunately  the  necessity  for  making  the  acquisition 
of  knowledge  pleasing,  induces  a.  constant  violation  of  this  rule ;  and 
popular  works  on  scientific  subjects  are  too  often  calculated  to  convey 
erroneous  notions  on  the  precise  limits  between  what  is  really  ascertained 
as  fact,  and  what  is  the  result  of  speculative  induction.  Works  on  geo- 
logy are  peculiarly  liable  to  this  defect,  from  the  nature  and  variety  of  the 
subjects  they  treat  of;  and  yet  no  science  has  really  less  need  for  such 
extrinsic  aid;  the  number  and  singularity  of  the  facts  which  it  develops 
are  quite  sufficient  to  invite  a  study  of  them  by  any  one  capable  of  appre- 
ciating the  beauty  of  an  extensive  and  connected  chain  of  evidence,  dili- 
gently accumulated  and  cautiously  examined. 

If  it  be  alleged  that  the  primary  purport  of  the  publication  was  to 
teach  natural  theology,  and  not  the  history  of  the  earth,  and  therefore, 
that  portion  of  the  latter  was  most  dwelt  on  which  furnished  the  greatest 
number  of  arguments  bearing  on  the  principal  object*, — we  reply,  that  the 
value  of  any  argument  adduced  from  a  physical  science  must  depend  on 
the  reader's  conviction  of  the  authenticity  of  the  facts  on  Avhich  it  is  based, 
and  of  the  soundness  and  consecutiveness  of  the  deductions  made  from 
them ;  to  enable  a  reader,  consequently,  to  judge  for  himself,  he  ought  to 
have  a  complete  general  outline  at  least  of  the  science  laid  before  him ; 
this  plan  having  been  successfully  adopted  by  Messrs.  Whewell,  Kidd, 
Drs.  Roget  and  Prout,  Dr.  Buckland  might  have  followed  such  examples 
without  derogation,  and  with  more  probability  of  making  his  work 
efficient.  This  mode  of  proceeding  is  the  more  necessary  in  the  present 
case,  because  most  persons  are  capable  of  following  the  train  of  reasoning 
by  Avhich  the  principal  conclusions  in  geology  are  arrived  at,  supposing  the 
facts  to  be  authentic,  and  these  the  general  reader  must  take  on  the 
authority  of  his  author,  whatever  the  subject  may  be  he  is  studying. 

Nor  are  the  evidences  of  design  and  adaptation  in  the  details  of  the 
organic  creation,  more  convincing  proofs  of  the  existence  of  an  eternal, 
intelligent,  and  omnipotent  First  Cause,  than  is  the  constancy  of  the  laws 
by  which  inorganic  matter  is  governed.  The  deductions  of  geology,  as 
we  have  seen,  are  based  on  the  assumption  of  this  constancy,  and 
astronomy  has  established  the  fact  regarding  the  all-pervading  laws  of 

*  When  a  variety  of  examples  only 
concur  to  the  establishment  of  the  accuracy 
of  one  line  of  argument,  it  is  sufficient  to 
develop  that  argument  once,  in  all  its 
generality,  and  to  leave  the  individual  in- 
stances of  its  application  to  speak  for  them- 


selves. Dr.  Buckland  has  repeated  the 
conclusion,  that  design  is  to  be  inferred 
from  the  evidence  of  adaptation  to  an  end, 
so  frequently,  and  so  nearly  in  the  same 
terms,  as  to  be  irksome,  if  not  positively 
ludicrous. 
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gravitation.  If,  then,  the  science  we  are  considering  can  be  shown  to 
afford  analogous  presumptive  proofs  regarding  others,  the  argument 
would  be  interesting  and  important  enough  to  deserve  more  extended 
notice  than  Dr.  Buckland  has  bestowed  on  it.  One  of  the  most  strikingy 
because  novel,  facts  mentioned  in  his  work  is  the  discovery  of  the  eyes  of 
extinct  Crustacea,  which  by  their  resemblance  to  those  organs  in  living 
races,  indicate  the  identity  of  the  light  of  the  primaeval  world  with  that 
element  which  now  pervades  space.  Geology  offers  numberless  other 
conclusions  of  an  analagous  kind  with  respect  to  inorganic  creation : 
fossil  plants,  by  their  similarity  in  structure  and  developement  to  existing 
species,  may  be  fairly  concluded  to  have  been  nourished  by  Avater  and  air 
of  the  same  chemical,  as  well  as  mechanical,  properties  as  that  which  fills 
our  seas,  rivers,  and  lakes,  and  descends  from  the  clouds  in  rain  and  dew. 
The  arrangement  of  the  component  ingredients  of  conglomerates  and 
breccias  reciprocally  establish  the  permanence  of  their  specific  gravity, 
and  of  the  hydrostatic  pressure  of  the  water  which  floated  them  to  their 
present  sites ;  and  as  the  gravitation  has  been  shown  to  be  constant,  the 
other  laws,  chemical  and  mechanical,  may  be  inferred  to  be  so  likewise. 
These  presumptive  proofs  being  established,  the  nature  of  the  evidence  on 
which  geological  deductions  rest  becomes  of  more  weight. 

Having  fulfilled  the  least  agreeable  part  of  our  duty,  we  may  now 
indulge  in  the  pleasure  of  pointing  out  a  few  of  the  many  beautiful  illus- 
trations and  philosophical  deductions,  which  the  reader  will  find  in  Dr. 
Buckland's  work,  expressed  with  that  force  and  grace  which  make  both 
his  Avritings  and  lectures  so  popular.  We  would  especially  call  attention 
to  the  following  passage,  as  inculcating  a  principle  in  which  man  is  but 
too  much  deficient — humility,  and  which  ought  to  have  double  force  as 
coming  from  a  philosopher  and  a  divine. 

"  I  would  in  this,  as  in  all  other  cases,  be  unwilling  to  press  the 
theory  of  relation  to  the  human  race  so  far,  as  to  contend  that  all  the 
great  geological  phenomena  Ave  have  been  considering  were  conducted 
.solely  and  exclusively  with  a  viev/  to  the  benefit  of  man.  We  may  rather 
count  the  advantages  he  derives  from  them  as  incidental  and  residuary 
consequences;  which,  although  they  may  not  have  formed  the  exclusive 
object  of  creation,  were  all  foreseen  and  comprehended  in  the  plans  of 
the  great  Architect  of  the  globe,  which  in  His  appointed  time  was  destined 
to  become  the  scene  of  human  habitation. 

"  With  respect  to  the  animal  kingdom,  we  acknowledge  with  gratitude 
that  among  the  higher  classes  there  is  a  certain  number  of  living  species 
Avhich  are  indispensable  to  the  supply  of  human  food  and  raiment,  and  to 
the  aid  of  civilized  man  in  his  various  labours  and  occupations ;  and  that 
these  are  endowed  with  dispositions  and  faculties  which  adapt  them  in  a 
peculiar  degree  for  domestication:  but  their  number  bears  an  extremely 
small  proportion  to  the  total  amount  of  existing  species ;  and  with  regard 
to  the  lower  classes  of  animals,  there  are  but  very  few,  among  their  almost 
countless  multitudes,  that  minister  either  to  the  wants  or  luxuries  of  the 
human  race.  Even  could  it  be  proved,  that  all  existing  species  are  ser- 
viceable to  man,  no  such  inference  could  be  draAvn  with  respect  to  those 
numerous  extinct  animals  Avhich  geology  shows  to  have  ceased  to  live 
long  before  our  race  appeared  upon  the  earth.     It  is  surely  more  consistent 
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with  sound  philosophy,  and  with  all  the  information  that  is  vouchsafed 
to  us  respecting  the  attributes  of  the  Deity,  to  consider  each  animal  as 
having  been  created,  first  for  its  own  sake,  to  receive  its  portion  of 
that  enjoyment  which  the  Universal  Parent  is  pleased  to  impart  to  each 
creature  that  has  life ;  and  secondly,  to  bear  its  share  in  the  maintenances 
of  the  general  system  of  co-ordinate  relations,  whereby  all  families  of 
living  beings  are  reciprocally  subservient  to  the  use  and  benefit  of  one 
another.  Under  this  head  only  can  we  include  their  relations  to  man, 
forming,  as  he  does,  but  a  small,  although  it  be  the  most  noble  and 
exalted  part,  of  that  vast  system  of  universal  life  with  which  it  hath 
pleased  the  Creator  to  animate  the  surface  of  the  globe."  (Vol.  i.  p.  101.) 

One  very  striking  and  satisfactory  result  of  the  investigations  of 
extinct  races  of  animals,  is  the  discovery  of  those  links  in  the  great  chain 
of  organized  beings  which  were  wanting  to  its  continuity.  We  possessed 
long  detached  segments  of  this  chain,  but  we  searched  in  vain  among 
living  genera  for  these  connecting  portions ;  geology  is  now  come  to  the 
aid  of  natural  history,  and  from  the  numerous  contributions  it  has  already 
furnished,  we  may  hope  it  will  in  time  enable  us  to  complete  what  is  still 
deficient,  and  establish  the  truth  of  the  dictum,  Natura  nonfucit  sallus. 

The  order  Fachydennata,  as  our  readers  are  aware,  was  particularly 
deficient  in  genera  to  constitute  intermediate  links  between  such  remotely 
allied  animals  as  the  horse,  hog,  rhinoceros,  hippopotamus,  tapir,  and 
elephant ;  the  numerous  extinct  genera  of  this  order,  already  discovered, 
fill  up  these  hiatuses. 

"  This  numerical  preponderance  of  pachydermata,  among  the  earliest 
fossil  mammalia,  beyond  the  proportion  they  bear  among  existing  quadru- 
peds, is  a  remarkable  fact,  much  insisted  on  by  Cuvier ;  because  it  sup- 
plies, from  the  relics  of  a  former  world,  many  intermediate  forms  which 
do  not  occur  in  the  present  distribution  of  that  important  order.  As  the 
living  genera  of  Pachydermata  are  more  widely  separated  from  one  ano- 
ther than  those  of  any  other  order  of  mammalia,  it  is  important  to  fill 
these  vacant  intervals  with  the  fossil  genera  of  a  former  state  of  the  earth; 
thus  supplying  links  that  appeared  deficient  in  the  grand  continuous 
chain  which  connects  all  past  and  present  forms  of  organic  life,  as  parts 
of  one  great  system  of  creation."     (Vol.  i.  p.  88.) 

Besides  filling  up  the  gaps  in  the  order,  some  of  the  fossil  genera  of 
Pachydermata  form  points  of  connexion  between  that  and  the  orders 
Ruminantia  and  Edentata,  and  one,  the  Dinotherium,  cannot  properly  be 
assigned  to  any  one  of  these  orders  exclusively,  on  account  of  the  singular 
anomalous  formation  of  its  lower  jaw,  terminating  in  two  tusks  projecting 
downwards,  like  those  from  the  upper  jaw  of  a  walrus. 

Most  of  those  species  which  belong  to  extinct  genera  agree  in  some 
points  w4th  several  widely  dissimilar  living  species,  which  are  by  this 
means  brought  into  closer  union, — and  not  only  orders,  but  even  classes, 
are  placed  in  unexpected  affinity  by  means  of  these  inhabitants  of  a 
primaeval  Avorld. 

The    Saurian   Reptiles  and  Fishes  are   connected  by  the  gigantic 
IcJithyosaurians ;  but  a  still  more  marvellous  example  of  the  union  of 
-characters  of  remote  classes  is  presented  by  that  mystery,  the  Fterodactyli, 
which  were  intermediate  to  the  Saurians  and  the  Cheiroptera. 
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The  wonderful  and  imposing  fact  of  the  successive  creation  and 
extinction  of  species  is  brought  before  the  mind  with  peculiar  force,  when 
we  absolutely  find  the  relics  of  an  extinct  order  still  lingering,  as  it  were, 
on  the  globe,  and  perhaps  destined  at  no  distant  period  to  die  out  like 
their  ancestral  family.  We  may  fancy  the  Polypteri  of  the  African,  and 
the  Lepidostei  of  the  American  rivers,  viewing  with  indifference  a  crea- 
tion in  which  they  feel  themselves  out  of  their  places.,  and  recalling  those 
periods  of  Ichthy«/  grandeur,  when  the  aristocratic  supremacy  of  Megal- 
ichthys  was  acknowledged  throughout  the  deep,  and  the  lordly  Sauroids 
were  legitimate  monarchs  by  the  strength  of  their  teeth.  We  doubt  not 
the  Bichir  of  the  Nile  often  views  the  crocodile  with  envy,  and  repines, 
like  other  creatures.,  at  the  partiality  of  Providence,  which  has  shown 
such  favour  to  a  modern  branch  of  their  noble  stock,  while  the  true 
representative  is  struggling  with  adversity,  and  only  holds  the  precarious 
tenure  of  its  existence  by  the  compassionate  forbearance  of  such  plebeian 
upstarts. 

It  would  be  a  curious  and  interesting  object  of  inquiry  to  find 
whether,  in  the  present  state  of  our  knowledge  of  the  relations  between 
organic  life  and  the  inanimate  world,  we  possess  any  data  for  venturing 
at  a  guess  what  existing  species  among  the  higher  orders  will  next  become 
extinct,  in  obedience  to  this  law  of  succession,  which  seems  to  form  a  part 
of  the  code  of  Creation  ;  and  to  trace  the  probable  effect  of  human  agency 
in  modifying  the  natural  progress  of  this  event, — whether  there  exists  a 
generic  power  of  continuance  in  certain  races  which  will  effectually 
counteract  the  unremitting  persecution  and  war  of  extermination  carried 
on  against  them,  in  consequence  either  of  the  real  wants,  the  cupidity,  or 
the  cruelty  of  mankind.  It  is  most  probable,  however,  that  we  have  but 
little  influence  beyond  keeping  down  the  numbers  of  certain  genera  or 
races,  and  that  it  is  only  because  the  accurate  adjustment  between  the 
organic  functions  and  the  external  world  is  deranged,  that  a  race  of 
animals  becomes  extinct.  If  it  be  true  that  in  the  Dodo  we  have  an 
instance  of  a  genus  becoming  extinct  since  the  creation  of  the  human 
race,  how  much  must  we  regret  that  we  possess  such  meagre  information 
of  the  circumstances. 

The  incorrectness  of  the  conclusion,  which  had  been  hastily  adopted 
from  insufficient  geological  researches,  that  there  had  been  a  progres- 
sive advance  from  the  simpler  to  the  more  complicated  forms  of  organic 
structure,  has  been  established  by  different  and  conclusive  arguments, 
suggested  by  more  accurate  knowledge.  The  avowal,  that  we  know  not 
what  class  of  animals  are  to  be  considered  as  a  standard  for  estimating 
relative  simplicity  or  complexity  of  structure,  is  extorted  from  us  by 
Ehrenberg's  investigations  of  Infusoriae;  while  the  discovery  of  types  of 
the  higher  classes,  as  we  term  them,  in  the  more  ancient  strata,  prove 
that  at  all  periods  there  has  existed  a  proportional  variety  among  cotem- 
porary  species,  as  at  present.  In  the  following  passage  we  have  laid  open 
to  us  a  new  source  of  error  to  be  guarded  against,  in  our  attempts  to 
interpret  the  state  of  organic  creation  in  remote  eras. 

"  The  values  to  be  attached  to  numerical  proportions  of  fossil  plants, 
in  estimating  the  entire  condition  of  the  Flora  of  these  early  periods,  has 
been  diminished  by  the  result  of  a  recent  interesting  experiment  made  by 
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Professor  Lindley,  on  the  durability  of  plants  immersed  in  water.  Having 
immersed  in  a  tank  of  fresh  water,  during  more  than  two  years,  one  hun- 
dred and  seventy-seven  species  of  plants,  including  representatives  of  all 
those  which  are  either  constantly  present  in  the  coal-formations,  or  uni- 
versally absent,  he  found, 

"  1.  That  the  leaves  and  bark  of  most  dicotyledonous  plants  are 
wholly  decomposed  in  two  years,  and  that  of  those  which  do  resist  it  the 
greater  part  are  ConiferEe  and  Cycadeae. 

"  2.  That  Monocotyledons  are  more  capable  of  resisting  the  action 
of  water,  particularly  palms  and  scitamineous  plants ;  but  that  grasses 
and  sedges  perish. 

"  3.  That  fungi,  mosses,  and  all  the  lowest  forms  of  vegetation, 
disappear. 

"  4,  That  ferns  have  a  great  power  of  resisting  water,  if  gathered  in 
a  green  state,  not  one  of  those  submitted  to  the  experiment  having 
disappeared ;  but  that  their  iructification  perished. 

"  Although  the  results  of  this  experiment,  in  some  degree,  invalidate 
the  certainty  of  our  knowledge  of  the  entire  Flora  of  each  of  the  conse- 
cutive periods  of  geological  history,  it  does  not  affect  our  information  as 
to  the  number  of  the  enduring  plants  which  have  contributed  to  make 
up  the  coal-formation ;  nor  as  to  the  varying  proportions,  and  changes  in 
the  species  of  ferns  and  other  plants,  in  the  successive  systems  of  vegeta- 
tion that  have  clothed  our  globe. 

"  It  may  be  further  noticed,  that  as  both  trunks  and  leaves  of 
Angiospermous  dicolyledonous  plants  have  been  abundantly  preserved  in 
the  tertiary  formations,  there  appears  to  be  no  reason  why,  if  plants  of 
this  tribe  had  existed  during  the  secondary  and  transition  periods,  they 
should  not  occasionally  have  escaped  destruction  in  the  sedimentary 
deposits  of  these  earlier  epochs." — P.  481 . 

Dr.  Buckland  has  not  dwelt  sufficiently  on  the  various  causes  which 
influence  the  preservation  in  strata  of  parts  of  organic  beings;  nor  on 
the  circumstances  that  cause  a  far  greater  numerical  proportion  of  the 
remains  of  certain  classes  and  orders  to  be  found  than  of  others.  Without 
this  commentary,  the  nature  and  value  of  the  evidence  derived  from  this 
source  cannot  be  properly  appreciated;  unless  thus  forewarned,  the  first 
hasty  conclusion  which  would  be  drawn,  is,  that  the  proportion  between 
the  numbers  of  species  of  which  the  remains  are  preserved,  was  the  same 
as  that  of  the  species  existing  at  the  period. 

But  when  it  is  sho^vn  that  marine  animals,  generally,  are  placed  in 
circumstances  most  favourable  to  the  preservation  of  their  solid  parts,  and 
conchiferous  and  molluscous  more  so  than  fish,  and  these  again  more 
than  amphibious  reptiles, — and  that  it  must  require  a  rare  combination  of 
circumstances  to  allow  of  the  skeletons  of  birds,  or  the  exuviae  of  insects, 
being  preserved  from  that  decomposition  to  which  the  most  solid  parts  of 
all  organic  beings  are  subject  from  exposure  to  atmospheric  influence;  the 
student  is  made  aware  of  the  caution  necessary  to  be  used  in  drawing 
inferences  as  to  the  state  of  living  creation  at  any  former  period,  from 
the  fossil  remains  of  that  time.  Perhaps  in  the  strong  cases  we  have 
cited  in  illustration,  his  unaided  judgment  would  not  far  mislead  him; 
and  he  would  infer  from  analogy,  the  existence  of  a  proportional  number 
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of  insects  at  all  periods  of  the  Creation,  to  serve  as  the  interme<iiate 
agents  in  the  ceaseless  routine  -of  conversion  of  animal  into  vegetable 
bodies,  destined  again  to  furnish  nutriment  to  the  former;  but  it  is  neces- 
sary he  should  constantly  have  these  general  principles  present  to  his 
mind,  to  apply  before  he  draws  any  conclusions  on  the  subject  of  the 
numerical  proportion  of  living  beings  of  the  most  nearly  related  orders, 
since,  even  among  these,  habits  and  modes  of  life  may  concur  to  favour 
the  preservation  of  the  remains  of  certain  genera,  Avhile  those  of  others 
may  strongly  militate  against  the  preservation  of  any  records  of  them. 

We  are  here  obliged  to  close  our  remarks,  and  we  are  less  reluctant  to 
do  so,  knowing  how  much  has  appeared  elsewhere  in  our  own  as  well  as 
in  the  pages  of  cotemporary  works ;  the  volumes  are,  indeed,  replete  with 
the  most  interesting  and  valuable  information  on  the  subject  of  fossil 
remains ;  and  our  regret  that  Dr.  Buckland  did  not  make  the  plan  of  his 
work  more  comprehensive,  shows  how  highly  we  estimate  both  the  extent 
of  his  knowledge  and  his  powers  of  instruction. 

We  will  not  conclude  our  notice  without  expressing  admiration 
at  the  taste  and  judgment  shown  in  the  selection  and  execution  of  the 
plates.  The  wood-cuts,  designed  and  engraved  by  Mr.  Fisher,  place  him 
in  the  first  rank  of  his  invaluable  profession,  and  the  exquisite  skill  and 
talent  of  Mr.  J.  D.  C.  Sowerby  as  an  artist  are  well  known.  Dr.  Buck- 
land  will  not  take  it  as  a  bad  compliment,  if  Ave  say  that  his  second 
volume  alone  Avould  entitle  him  to  the  gratitude  of  every  naturalist  and 
geologist. 


TPIE  PHILOSOPHY  OF  THE  HOUE- GLASS. 

In  olden  time,  long  ere  the  art  of  clock-making  was  discovered,  our  an- 
cestors marked  the  fleeting  hours  by  the  flowing  of  sand  in  a  glass.  This 
contrivance  was  called  the  hour-glass,  and  it  is  still  very  generally  to  be 
found  upon  the  table  of  the  public  lecturer,  or  the  private  teacher,  in  the 
laboratory  of  the  philosopher,  or  in  the  cottage  of  the  peasant.  It  is  a  far 
more  accurate  measurer  of  time  than  is  usually  imagined,  and,  therefore, 
perhaps  a  short  account  of  the  theory  of  its  action  may  be  acceptable  to 
the  readers  of  the  Magazine  of  Practical  Science. 

The  investigation  was  undertaken  a  few  years  since  by  M.  H.  Bour- 
nand:  his  experiments  are  exceedingly  curious,  and  merit  to  be  more 
generally  known.  A  few  only  of  the  most  remarkable,  and  easy  of  per- 
formance, are  detailed  in  the  following  notice. 

The  first  remarkable  fact  regarding  the  hour-glass  is,  that  the  flow 
of  its  enclosed  sand  is  perfectly  equable,  Avhatever  may  be  the  quantity 
contained  in  the  glass,  at  any  period  of  its  flowing:  or,  in  other  words, 
that  it  runs  no  faster  when  the  upper  cone  is  quite  full,  than  when  it  is 
nearly  empty.  This  is  contrary  to  what  we  might  expect,  for  it  would 
be  natural  enough  to  conclude,  that  when  full  of  sand,  the  lowest  particles 
would  sustain  a  greater  pressure  from  the  incumbent  mass,  and,  therefore, 
be  more  swiftly  urged  through  the  aperture,  than  when  only  a  quarter 
full,  and  near  the  close  of  the  hour. 
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The  fact  that  the  flow  is  equable,  at  any  period,  may  be  proved  by 
a  very  simple  experiment. 

Provide  a  qiiantity  of  what  is  called  silver-sand^  (well  known  for 
domestic  use,)  dry  it  upon  a  hot  stove-plate,  or  in  an  iron  ladle  over  the 
fire ;  then  sift  it  through  a  tolerably  fine  sieve,  carefully  removing  all 
lumps  of  clay  or  stone,  Avhich  are  frequently  found  in  it.  Next,  take  a 
tube  of  any  material,  length,  or  diameter,  closed  at  one  extremity,  and  in 
the  bottom  make  a  small  aperture,  say  the  eighth  of  an  inch,  place  the 
finger  over  this,  or  stop  it  lightly  with  a  small  plug,  and  then  fill  up  the 
tube  with  the  sifted  sand. 

Hold  the  tube  steadily^  or  affix  it  to  a  wall,  or  a  frame,  at  any  con- 
venient height  from  a  table,  and  then  removing  the  finger,  or  plug,  permit 
the  sand  to 'flow  in  any  measure,  for  any  given  time, — supposing  into  a 
common  graduated  glass  measure,  for  a  quarter  of  a  minute.  A  certain 
quantity  is  thus  obtained,  which  must  be  noted.  Now  let  the  tube  be 
only  a  half  or  a  quarter  full  of  sand,  and  begin  to  measure  again,  for  a 
like  time,  the  same  quantity  of  sand  will  floAv;  and  even  if  by  means  of 
a  ruler  or  plug,  the  sand  in  the  tube  is  violently  pressed  upon,  the  flow 
of  the  sand  from  the  aperture  will  not,  in  tlie  least  degree,  be  acce- 
lerated, provided  the  tube  is  kept  steady,  and  the  experimental  compa- 
risons all  accurately  and  fairly  made.  Now  all  this  admits  of  a  simple  and 
satisfactory  explanation.  Sand,  if  allowed  to  fall  quietly  upon  any  sur- 
face, will  form  itself  in  a  conical  heap,  having  an  angle  of  about  30°;  this 
is  seen  in  the  lower  cone  of  the  hour-glass,  or  can  be  shown  by  letting 
the  sand  fall  from  the  aperture  of  the  tube  just  mentioned.  Whenever 
a  load  of  dry  sand  is  thrown  from  a  cart  or  barrow,  or  sifted  through  a 
screen,  by  the  builder  in  making  mortar,  it  forms  a  like  conical  heap, 
having  an  angle  of  30°  or  35°.  Now,  then,  observe  the  application  of  this 
fact  of  every  day  occurrence;  it  will  show  how  intimately  "  things  familiar" 
are  connected  with  practical  science. 

As  sand  thus  falls  at  a  determinate  angle,  it  is  easy  to  imagine  that 
when  poured  into  the  tube,  it  must  fill  it  with  a  succession  of  conical 
heaps,  and  that  all  the  weight  which  the  bottom  of  the  tube  sustains,  is 
only  that  of  the  heap  vi}\\ch.Jirst  falls  upon  it,  and  that  the  succeeding 
heaps  are  thus  prevented  from  exerting  any  perpendicular  pressure  upon 
the  bottom,  but  that  they  only  exert  a  lateral  pressure  against  the  walls 
of  the  tube. 

When  pressure  is  applied  to  the  top  of  the  sand,  it  is  only  trans- 
mitted laterally,  and  that  to  a  very  little  extent ;  consequently  the  lowest 
heap  of  sand  enjoys  its  flow  uninfluenced  by  the  strata  or  pressure  above 
it.  This  is  the  reason  why  the  hour-glass  flows  with  such  regularity; 
and  that  any  given  base  sustains  no  weight  of  sand  but  that  of  the  first 
heap  which  falls  upon  it,  and  is  in  immediate  contact  with  it,  may  be 
proved  by  taking  a  tube,  about  an  inch  diameter,  open  at  both  ends, 
wetting  with  the  lips  the  edges  of  a  small  piece  of  tissue-paper,  and 
applying  this  to  one  end  of  the  tube,  so  as  to  form  a  bottom  held  on  by  a 
veiy  slight  adhesion.  Fill  this  tube  carefully  with  any  weight  of  sand, 
and  the  paper  will  not  be  forced  away,  not  even  if  with  a  round  ruler  or 
rod  great  pressure  is  applied  to  the  top  surface  of  the  sand.  All  the 
weight  of  sand  that  the  tissue-paper  supports  is  the  little  heap  which  first 
falls  upon  it. 
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If  the  experiment  is  made  upon  a  larger  scale,  with  tubes  three  or 
four  inches  in  diameter,  and  five  or  six  feet  long,  it  is  better  to  paste  the 
paper  round  the  bottom,  because  the  first  heap  in  such  case  would  be  of 
considerable  weight;  but  if  the  paper  is  strong  enough  to  resist  it,  forty 
or  fifty  pounds  of  sand  may  be  poured  into  the  tube,  and  all  lifted  from 
the  ground  together,  without  the  slightest  fear  of  the  paper  being  forced 
away. 

The  experiment  admits  of  another  modification.  Take  the  tube 
open  at  both  ends,  and  place  one  of  them  in  contact  with  the  bottom  of 
a  small  cup  floating  upon  Avater,  then  fill  up  the  tube  with  sand;  none  of 
it  will  run  out  into  the  cup:  and  that  there  is  no  perpendicular  pressure 
is  evident  from  the  cup  still  continuing  to  float ;  it  sustains  no  weight 
save  that  of  the  first  heap, — the  hand  of  the  operator  sustains  the  weight 
of  all  the  rest  of  the  sand.  Draw  aAvay  the  tube,  the  sand  then  rushes 
into  the  cup  in  obedience  to  the  law  of  gravitation,  and  its  weight  causes 
the  cup  to  sink. 

From  such  experiments  it  may  be  concluded  that  it  must  be  ex- 
tremely difficult  to  thrust  sand  out  of  a  tube,  by  means  of  a  fitting  plug 
or  piston;  and  this  upon  trial  is  found  to  be  the  case.  Fit  a  piston  to  a 
tube,  (exactly  like  a  school-boy's  pop-gun,)  pour  some  sand  in,  and  try 
with  the  utmost  strength  of  arm  to  push  out  the  sand.  It  will  be  found 
impossible  to  effect  this;  rather  than  the  sand  should  be  propelled,  the 
tube  will  burst  laterally. 

Directions  are  often  given  by  naturalists  for  shooting  birds  with  a 
a  charge  of  fine  sand,  so  that  their  plumage  may  not  suffer  the  damage 
which  is  usually  occasioned  by  an  ordinary  charge  of  small  shot.  This 
proceeding  ought  to  be  made  with  considerable  caution,  for  it  must  be 
evident,  from  the  last  experiment,  that  a  charge  of  sand  would  resist  the 
expansive  force  of  gunpowder,  and  violently  strain  the  barrel,  perhaps 
burst  it;  to  say  nothing  of  goring,  and  spoiling  its  polished  interior  by 
the  rapid  friction  of  the  sand;  and,  supposing  it  in  very  small  quantity, 
and  successfully  propelled,  it  is  certainly  rather  a  hazardous  experiment. 
To  prove  how  a  small  column  of  sand  will  resist  the  expansive  force  of 
a  large  charge  of  gunpowder,  it  will  be  sufficient  to  instance  the  method 
adopted  by  engineers  for  blasting  rocks. 

A  hole  is  drilled  in  the  rock,  of  the  requisite  depth,  at  the  bottom  of 
which  the  charge  of  powder  is  placed;  a  long  match,  or  reed,  filled  with 
powder,  is  then  put  down,  and  around  this  sand  is  merely  poured  in,  so 
as  to  fill  the  hole;  a  train  is  laid  and  fired,  and  presently  the  explosion 
takes  place,  rending  away  the  mass  of  rock.  The  loose  column  of  sand 
is  not  blown  out  of  the  hole  leaving  the  rock  unshaken,  but  it  keeps  its 
place,  until  it  compels  the  solid  rock  to  jdeld  unto  its  singular  power. 

The  discoverer  of  these  facts,  relating  to  the  flow  of  sand  in  the  hour- 
glass, makes  the  following  observations. 

"  There  is,  perhaps,  no  other  natural  force  on  the  earth  which  pro- 
duces by  itself  a  perfectly  imiform  movement,  and  which  is  not  altered 
either  by  gravitation,  or  the  friction,  or  resistance  of  the  air;  for  the 
height  has  no  mSLnGwce,  friction  in  place  of  being  an  obstacle  is  the  regu- 
lating cause,  and  the  resistance  of  the  air  within  the  column  must  be  so 
feeble  as  to  be  altogether  insensible  as  a  disturbing  force." 
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No.  VI. 
Day  and  Night. — The  Seasons. 

There  liave  now  been  placed  before  the  reader  those  first  truths  of  astro- 
nomy on  which  the  whole  fabric  of  the  science  may  be  considered  to  rest. 
The  infinite  distance  of  the  region  of  the  fixed  stars,  the  entire  isolation 
of  the  earth  in  space,  its  spherical  form  and  huge  dimensions,  its  daily  revo- 
lution round  one  of  its  own  diameters,  and  its  annual  revolution  round 
the  sun.  In  this  chapter,  some  of  those  great  phenomena  of  the  visible 
world  which  7-esult  from  these  will  be  brought  under  his  consideration. 
First  among  these  are  the  alternations  of  day,  of  night,  and  the 
changes  of  the  seasons.  The  sun  is  the  source  of  light  and  heat ; 
these  are  facts  of  which  the  experience  of  every  day  of  our  lives 
constitutes  the  demonstration ;  they  are  so  plain  and  palpable  that  no  one 
was  probably  ever  found  to  deny  them.  It  is  a  matter  also  of  daily  ex- 
perience, that  a  certain  class  of  bodies  called  opaque,  to  Avhich  class  be- 
long by  far  the  greatest  number  of  the  bodies  around  us,  have  the  power 
of  obstructing  the  light,  and  also,  in  a  great  measure,  the  heat  of  the  sun; 
so  that  whilst  the  light  and  heat  fall  and  exert  their  full  influence  on 
one  side  of  them,  the  opposite  is  wholly  deprived  of  that  influence ;  the 
one  side  is  then  said  to  be  enlightened  and  heated,  and  the  other,  Avhere 
there  is  an  entire  absence  of  light  and  heat,  to  be  in  a  state  of  darkness 
and  cold.  Now  let  us  suppose  a  body  thus  opaque  to  be  turned  round, 
so  that  what  was  before  the  part  turned  towards  the  sun,  may  now  be 
that  from  it;  that  part  will  be  found  to  have  retained  none  of  the  light 
which  it  received  in  its  first  position,  so  as  to  be  noAV  wholly  and  abso- 
lutely in  a  state  of  darkness  ;  but  it  will.,  on  the  contrary,  have  retained 
a  larger  portion  of  its  heat.,  so  as  not  to  be  wholly  and  absolutely  in  a 
state  of  cold.  Let  us  suppose  the  body  a  sphere;  then  will  the  en- 
lightened portion  of  it  be  a  hemisphere,  that  is,  one  half  of  the  whole, 
and  the  division  of  the  light  and  the  dark 
part  of  it  will  be  a  great  circle,  a  c  B  D,  of  the 
sphere.  If  the  sphere  be  turned  round  one 
of  the  diameters,  a  b,  of  this  circle,  the  posi- 
tions of  its  light  and  dark  parts  will  even- 
tually and  gradually  be  interchanged, — thecj 
whole  of  what  was  dark  before  will  now  be 
light,  and  the  whole  of  what  was  light  before, 
will  be  dark  ;  and  if  the  .revolution  of  the 
sphere  be  continued  miiformly.,  that  is,  always 
with  the  same  velocity,  then  each  point  in  it 
will  continue  as  long  on  the  light  side  as  on 
the  dark  side, — as  long  on  the  side  on  which  it  receives  heat,  as  on  that  on 
which  it  does  not  receive  it.  The  quantity  of  light  and  heat  which  any  point 
receives  during  the  time  of  its  revolution  through  the  enlightened  hemi- 
sphere is  not,  however,  the  same  in  all  the  positions  which  it  may  be  made 
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to  take  up  on  that  hemisphere.  Rays,  as  they  are  called,  of  light,  and 
with  them  rays  of  heat,  come  in  right  lines  ;  and  from  hence  it  follows, 
that  any  surface  presented,  perpendicularly  to  them  will  receive  and  he 
acted  upon  hy  7nore  of  these  rays  than  the  same  surface  subjected  to  their 
influence  obliquely.    This  will  at  once  be  rendered  evident  by  a  diagram. 

Let  A  B  represent  a  surface  presented 
perpendicularly  to  the  sun's  rays,  all  those 
represented  in  the  figure  as  lying  between 
the  points  A  and  b  will  then  take  effect  upon 
it.  Now,  let  it  be  turned  into  the  position 
AC,  and  let  cd  be  drawn  parallel  to  the 
direction  of  the  rays ;  or  perpendicular  to 
AB.  The  rays  lying  between  a  and  d  are 
manifestly  the  only  ones  which  now  take 
effect  upon  the  plane,  those  between  b  and  d  being  lost.  Thus,  then,  it 
appears  that  the  same  surface  receives  less  light  and  heat  when  exposed 
obliquely  than  when  exposed  directly  to  the  sun's  rays  ;  and  the  less  as 
its  position  is  more  oblique. 

Now  of  the  surface  of  the  hemisphere  of  which  we  have  spoken, 
only  one  exceedingly  minute  portion  is  exposed  perpendicularly  to  the 
sun's  rays ;  this  portion  lies  about  the  point  q,  (see  the  cut  on  the  pre- 
ceding page,)  where  a  tangent  to  the  sphere  is  jjerpendicular  to  the 
direction  of  the  rays.  Every  other  portion  of  the  sm-face  receives  the 
rays  more  or  less  obliquely,  according  as  it  is  nearer  or  more  remote  from 
this  one  particular  spot.  It  is  manifest  that  there  will  thus  arise  a  very 
unequal  distribution  of  light  and  heat.  In  the  revolution  of  the  body, 
that  portion  Avhich  revolves  through  the  point  q,  will  receive  the  greatest 
share;  and  those  portions  which  are  made  by  the  motion  of  the  whole  to 
recede  least  from  the  edge  of  the  enlightened  hemisphere,  will  receive  the 
least ;  thus  if  the  sphere  revolve  about  an  axis  going  through  a  and  b,  it 
is  about  these  points  that  there  will  be  received  in  the  aggregate  the  least 
of  light  and  heat. 

Now  let  us  su2)pose  the  sphere,  instead  of  revolving  round  one  of  the 
diameters  of  the  circle  which  divides  its  dark  and  its  enlightened  hemi- 
sj)heres,  to  revolve  round  some  other  axis,  as  represented  in  the  accom- 
panying figure.  The  distribution  of  the 
light  and  heat  on  the  surface  of  the  hemi- 
sphere will  be  precisely  as  before ;  but  by 
the  revolution  of  the  sphere,  the  different 
parts  of  its  surface  Avill  be  made  to  partake 
very  differently  in  it.  Those,  for  instance, 
about  the  pole  a  will  never,  by  the  revolu- 
tion of  the  sphere,  be  made  to  pass  out  of 
the  enlightened  hemisphere,  whilst  those 
about  the  opposite  pole,  b,  will  never  pass  out 
of  the  darkejied  hemisphere.  Points  of  the  surface  situated  about  p  will 
by  the  revolution  of  the  sphere  be  made  just  to  pass  beneath  the  bound- 
ary of  light  and  darkness,  whilst  those  about  Q  will  only  just  be  made 
to  pass  above  it.  Thus,  in  the  one  place,  there  will  be  the  least  con- 
eeivaljle  portion  of  darkness,  and  in  the  other  the  least  conceivable  light. 
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Between  these  extremes,  and  on  the  surface  extending  from  p  to  q,  may 
be  found  every  conceivahle  proportion  of  light  and  darkness.  The  points 
nearer  to  p,  will  be  kept  longer  on  the  light  side  of  the  sphere  than  on 
the  dark  one,  whilst  those  nearer  to  q,  will  be  kept  longer  on  the  dark 
side  than  the  light.  Now  whilst  any  point  of  the  sphere  is  receiving 
light,  it  is  receiving  heat,  and  when  it  is  not  receiving  light,  it  is  cooling 
or  giving  out,  its  heat.  There  is  therefore  every  possible  variety  between  p 
and  a,  in  the  proportion  of  the  periods  during  which  heat  is  received  and 
given  out ;  and  from  this  cause,  if  it  operated  alone,  there  would  arise 
an  exceedingly  unequal  distribution  of  temperature  upon  the  surface  of 
the  globe,  resulting  ultimately  from  the  fact  of  the  axis,  about  which  it 
revolves,  not  lying  in  the  plane  of  the  circle  which  separates  its  dark  and 
enlightened  portions.  It  is  clear,  nevertheless,  that  this  cause  of  differ- 
ence of  temperature  in  some  degree  modifies  that  which  has  been  before 
described  as  dependent  upon  the  greater  or  less  obliquity  of  the  surface 
to  the  direction  of  the  incident  light  and  heat.  Thus  the  parts  imme- 
diately about  the  pole  a,  being  more  obliquely  situated  than  those  about 
the  central  portions  of  the  sjjhere  R,  will  on  that  account  receive  less  heat. 
But  then  by  ths  revolution  of  the  sphere,  these  are  never  carried  into 
the  shadow, — they  are  therefore  continnally  exposed  to  the  action  of  the 
heat.  Whilst  about  R  each  portion  of  the  surface  receives  it  only 
during  a  portion  of  its  revolution,  and  throughout  the  whole  of  the 
remainder  gives  it  out. 

Thus  by  this  supposed  position  of  the  axis,  the  unequal  distribution 
of  temperature  arising  from  different  obliquities  of  the  surface  is  in  some 
measure  remedied.  And  if  the  position  of  the  axis  in  reference  to  the 
enlightened  surface,  or  of  the  enlightened  surface  in  reference  to  the  axis, 
were  made  to  go  through  a  state  of  continual  change,  this  equalization  of 
temperature  might  be  carried  on  to  almost  any  conceivable  extent. 

Now  this  is  precisely  the  description  of  change  which  is  going  on 
continually  on  the  surface  of  the  earth,  and  from  which  result  the 
seasons  of  our  year. 

The  earth  is  a  sphere  composed  of  opaque  materials  :  that  hemi- 
sphere which  is  presented  to  the  sun  is  enlightened  and  heated ;  and 
the  opposite  hemisphere  is  in  the  shadow,  in  cold  and  darkness.  Being  a 
sphere,  the  different  portions  of  its  surface  are  presented  with  different 
degrees  of  obliquity  to  the  action  of  the  sun's  rays ;  and  Avere  the  axis 
about  which  it  revolves  always  in  the  plane  which  separates  its  enKght- 
ened  and  darkened  hemispheres,  or  rather,  did  that  plane  always  pass 
through  its  axis,  then  its  revolution  upon  its  axis  would  not  in  any  way 
modify  that  unequal  distribution  of  temperature  which  results  from  this 
difference  of  obliquity.  Also,  were  the  position  of  the  boundary  of  the 
two  hemispheres^^xec?  in  reference  to  the  axis,  supposing  it  7iot  to  be  in 
•the  plane  of  tliat  boundary,  any  accession  of  temperature  thus  given  to 
certain  oblique  portions  of  the  surface  could  only  be  so  given  at  the 
expense  of  others.  But  in  reality  the  position  of  the  boundary  of  the 
dark  and  enlightened  hemispheres  is  continually  changing  in  respect  to  the 
earth's  axis ;  and  thus  is  brought  about  that  distribution  of  temperature 
on  its  surface  which  is  perhaps  the  most  equable  that  can  be  conceived. 
The  seasons  are  no  more  than  a  contrivance  by  which  the  unequal  distri- 
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bution  of  temperature  resulting  from  the  unequal  obliquity  of  that  portion 
of  the  earth's  surface  which  is  presented  tq  the  sun  is  equalized.  This 
will  be  seen  at  once,  when  the  way  in  which  they  are  brought  about  has 
been  explained. 

The  pole  of  the  heavens  always  throughout  the  year,  and  from  year 
to  year,  appears  to  retain  the  same  place  in  the  heavens,  except  that  there 
is  an  exceedingly  minute  secular  variation  of  its  position,  called  preces- 
sion, and  hereafter  to  be  explained.  Now,  the  pole  of  the  heavens  is  the 
point  in  Avhich  the  axis  of  the  earth,  when  produced,  in  any  of  its 
positions,  meets  the  heavens.  Hence,  therefore,  it  follows  that  the  axis 
of  the  earth,  in  one  of  its  positions  in  its  orbit,  and  its  axis  in  any  other, 
include,  when  produced  to  the  sphere  of  the  heavens,  a  space  which  is 
imperceptible  to  us  on  the  earth's  surface.  And  from  this  it  follows  that 
its  axis  in  one  of  these  positions  must  be  parallel  to  its  axis  in  the  other; 
for  if  they  were  ever  so  little  inclined,  being  produced  so  infinitely  far  as 
the  region  of  the  fixed  stars,  they  would  include  a  perceptible  space.  In 
any  one  position  of  its  orbit,  then,  the  position  of  the  earth's  axis  is 
parallel  to  its  position  in  any  other.  This  is  usually  expressed  by  saying, 
that  in  its  annual  motion  the  position  of  the  earth's  axis  remains  parallel 
to  itself. 

Not  only  is  this  a  fact  given  us  directly  by  observation,  but  it  is 
also  one  resulting  from  the  laws  of  mechanics,  as  applied  to  a  material  body, 
placed  under  the  circumstances  in  which  we  know  the  earth  to  be  placed. 

Did  no  force  whatever  act  upon  it  besides  that  which  was  im- 
pulsively communicated  to  it  in  the  beginning,  and  from  which  has  resulted 
its  motions  of  rotation  and  tangential  translation, — it  is  certain  that 
moving  continually  forward  in  the  same  straight  line  in  space,  it  would 
also  revolve  continually  about  the  same  axis  within  itself,  and  that  this 
axis  would  retain  its  parallelism.  Also,  if  in  addition  to  the  first  im- 
pulsive force,  we  suppose  any  other  force  to  be  applied  to  it  precisely 
in  the  middle  of  its  axis,  or  precisely  through  its  centre  of  gravity, 
it  is  manifest  that  this  force  will  have  no  tendency  whatever  to  alter 
that  parallelism,  its  effect  on  either  side  of  the  centre  of  the  axis  being 
the  same.  If,  then,  the  attractive  power  of  the  sun,  by  which  the  earth 
is  deflected  from  its  rectilinear  path,  acted  precisely  as  though  it  were 
applied  to  its  centre  only;  then  would  it  not  in  any  way  tend  to  alter  that 
parallelism  of  the  earth's  axis,  which  would  have  resulted  from  the  im- 
pulsive force  alone.  Now  it  does  very  nearly  so  act,  and  would  do  so 
accurately,  were  it  not  for  the  slightly  spheroidical  shape  of  the  earth ; 
and  from  that  slight  deviation  of  its  form  from  a  sphere,  results  the 
minute  deflection  of  its  axis,  from  east  to  west,  which  is  called  precession. 
By  the  operation  of  this  force  its  pole  is  made  to  describe  a  circle  in  the 
heavens  of  23^  28'  in  radius,  describing  annually  50"*I  of  that  circle, 
and  thus  completing  its  revolution  in  25,868  years. 

The  axis  of  the  earth  remaining  throughout  its  annual  motion  thus 
parallel  to  itself,  let  us  suppose  the  accompanying  figure  to  represent  four 
of  its  positions,  determined  as  follows:— Let  ab  be  drawn  through  the  sun 
s,  parallel  to  the  directions  of  the  earth's  axis,  in  all  its  positions. 
Through  ab  draw  a  plane  perpendicular  to  the  plane  of  the  earth's  orbit, 
and  let  ,Cj  be  the  centre  of  the  earth,  when,  by  its  revolution,  it  is  brought 
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Into  this  plane.  Through  Cj  draw  a  plane  Mj  Nj  perpendicular  to  sc  ,  and 
this  will  be  the  boundary  of  light  and  darkness.  Draw  p^  q,  parallel  to 
A  B,  and  it  will  be  the  earth's  axis.  Take  s  c^  perpendicular  to  s  c^,  and 
let  c^  be  the  position  of  the  earth's  centre,  when,  in  its  revolution,  it  passes 
through  the  line  s  c^,^— draw  the  plane  m^  n^  perpendicular  to  s  c , — 
then  will  it  be  the  boundary  of  light  and  darkness;  and  if  p  q^  be  drawn 


parallel  to  a  b,-  it  will  be  the  earth's  axis.  3  and  4  represent  the  posi- 
tions of  the  earth  determined  as  the  above,  but  on  opposite  sides  of  s. 
Now  it  is  evident  that  in  the  positions  1  and  3,  the  earth's  axis,  p,Qj,  P3  q^, 
is  more  inclined  to  the  boundary  of  light  and  darkness,  M^  N„  M3  Ng,  than 
in  any  of  its  other  positions*.  Also  the  line  scg,  being  perpendicular  to 
s  Cj,  and  the  plane  ai^  n^  perpendicular  to  s  c^,  it  follows  that  m.^  n^  is 
parallel  to  the  planeAsCi;  and,  therefore,  that  Pj  Q^,  which  is  parallel 
to  A  B,  is  in  the  plane  m^  n^  ;  and  the  same  is  the  case  in  the  position 
4  of  the  earth.     All  these  relative  positions  of  the  earth's  axis,  and  its 


boundary  of  light  and  darkness,  are  shown  on   a  larger   scale  in  the 
accompanying  figures. 


•  This  mil  be  readily  understood  if  we 
imagine  planes  to  be  drawn  through  s, 
parallel  to  the  boundary  of  light  and  dark- 
ness of  the  earth,  in  all  its  positions;  these 
planes  will  manifestly  be  inclined  to  a  b, 
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precisely  as  the  corresponding  boundary 
plane  is  to  the  earth's  axis.  Also  the 
greatest  inclination  will  manifestly  be  that 
of  the  plane  perpendicular  to  scj.   ' 
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In  the  positions  1  and  3,  the  earth's  axis  is  inclined,  at  its 
greatest  angle,  to  the  boundary  of  light  and  darkness,  and  its  poles  are 
at  their  greatest  distance  from  that  boundary.  Also,  in  the  positions 
2  and  4,  the  earth's  axis  is  actually  in  the  boundary  of  light  and  dark- 
ness. Thus,  in  the  positions  2  and  4,  every  part  of  the  earth  is  kept  by 
its  revolution  as  long  in  the  shadow  as  in  the  light,  and  imbibes  heat  at 
every  point  of  its  surface,  during  precisely  the  same  period  of  each  revo- 
lution that  it  radiates,  or  gives  it  out ;  and  in  the  positions  1  and  3,  there 
is  the  greatest  inequality  between  the  periods  during  which  different  parts 
of  the  earth  receive  the  sun's  rays  and  are  without  them, — certain  portions 
of  it  near  one  of  its  poles,  being  never  carried  by  its  revolution  out  of  the 
enlightened  hemisphere,  and  certain  others  about  the  opposite  pole,  being 
never  carried  out  of  that  hemisphere  which  is  in  the  shadow,  and  every 
possible  proportion  of  light  and  darkness  existing  between  these  extremes. 

It  is  on  the  21st  of  March  in  every  year,  that  the  earth  comes  into 
the  position  shown  in  fig,  2,  and  on  the  21st  of  September  into  the  posi- 
tion, fig.  4.  These  are  called  the  vernal  and  autumnal  equinooceSjhecansc 
then  the  length  of  the  day  of  every  place  on  the  earth's  surface  is  equal 
to  the  length  of  its  night.  It  is  oji  the  21st  of  .June  and  the  21st  of  Sep- 
tember, that  it  comes  into  the  positions  I  and  3, — and  it  is  at  the  first  of 
these  periods  that  the  action  of  the  sun  is  most  powerful  in  this  northern 
hemisphere,  and  at  the  other  that  it  is  least. 

In  position  1,  or  about  the  21st  of  June,  a  considerable  portion  of  the 
earth,  near  the  north  pole,  is  never  by  its  revolution  carried  out  of  the 
enlightened  hemisphere,  so  that  here  there  is  the  continual  warmth  and 
heat  of  the  day.  The  apparent  elevation  of  the  pole  of  the  heavens  has 
been  shown  to  equal  the  latitude:  now  the  latitude  of  these  polar  regions 
approaches  90°,  so  that  there  the  point  about  which  the  whole  heavens 
appear  to  turn  is  nearly  in  the  zenith.  Thus  the  sun  appears  to  the  inha- 
bitants of  the  arctic  circle,  about  the  middle  of  our  summer,  to  describe, 
with  the  rest  of  the  heavens,  a  circle  round  the  horizon,  at  an  elevation 
Avhich  increases  continually  from  the  21st  of  March,  until,  on  the  21st  of 
June,  it  attains  to  about  23;j°.  On  the  contrary,  about  the  region  of  the 
south  pole,  or,  as  it  is  termed,  the  antarctic  region,  there  is  then  a  perpetual 
night,  the  whole  of  the  earth's  surface,  within  23^°  of  that  pole,  con- 
tinuing as  it  revolves  without  the  boundary  of  light  and  darkness. 

In  the  middle  of  our  winter,  or  on  the  21st  of  December,  matters 
are  reversed,  as  shown  in  fig.  3.  The  enlightened  hemisphere  now 
includes  the  south  pole,  and  the  north  is  immersed.  The  inhabitants 
of  the  antarctic  regions  have  now  perpetual  sunshine,  and  those  of  the 
arctic  have  perpetual  night. 

It  is  evident  that  in  the  position  1,  there  is  an  excess  of  the  length 
of  the  space  through  which  each  point  of  the  northern  hemisphere  is 
carried  in  light,  over  that  through  which  it  is  carried  in  darkness ;  that  is, 
there  is  an  excess  of  the  length  of  the  day  over  that  of  the  night ;  whilst 
in  the  southern  hemisphere  there  is  the  opposite  proportion.  Also,  in 
the  position  1,  the  sun's  rays  fall  more  perpendicularly  on  the  northern 
hemisphere  than  in  any  other  position.  For  both  these  reasons,  then, 
because  of  the  excess  of  the  time  of  each  place  receiving  heat  over  that 
during  which  it  gives  it  out,   and   because  of  the   less  obliquity  of  its 
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incidence,  we  have  in  this  position  of  the  earth  summer  in  our  northern 
hemisphere,  whilst  in  the  southern  there  is  the  contrary  of  all  this,  and 
consequently  winter. 

As  the  earth  moves  from  position  1  to  position  2,  the  excess  of  the 
day  over  the  night  diminishes,  until  at  position  2,  that  is,  on  the  21st  of 
March,  it  vanishes,  and  there  is  an  equality,  or  it  is  the  equinox.     From 

2  to  3,  the  night  of  the  northern  hemisphere  continually  gains  on  the  day, 
and  the  difference  is  at  3,  on  the  21st  of  Decemher,  the  greatest.     From 

3  to  4  it  diminishes,  and  vanishes  again  at  4,  which  is  the  autumnal 
equinox. 

YII. 

Solar  Time. — Sidereal  Time, 

With  regard  to  the  annual  motion  of  the  earth,  one  of  the  first  things  which 
it  is  important  to  remark  is, — that  whilst  it  is  revolving  from  one  point 
in  its  orbit  to  the  same  point  again,  it  does  not  make  a  complete  number 
of  revolutions.  Thus,  if  at  the  instant  when  the  meridian  of  any  place 
is  passing  over  a  fixed  star,  the  precise  place  of  the  earth  in  its  orbit  be 
ascertained,  then,  at  the  instant  when  it  has  returned  to  the  same  place 
in  its  orbit,  that  meridian  will  not  be  passing  over  the  same  star  as  it 
would  be  if  the  earth  in  the  interval  had  made  a  complete  number  of 
revolutions, — the  revolution  which  it  last  commenced  will  remain  uncom- 
pleted. 

The  number  of  complete  revolutions  which  the  earth  will  have 
made  is  366;  and  of  its  367th  revolution  it  will  have  described  that 
portion  which  it  occupies  6 '  9'  9*6"  to  describe.  Now  we  usually  say 
that  there  are  365  days  and  a  quarter  in  a  year,  and  each  day  is  produced 
by  a  revolution  of  the  earth  upon  its  axis;  how  is  it,  then,  that  the 
number  of  revolutions  is  thus  greater  by  one  than  the  number  of  days  ? 
This  Avill  readily  be  understood  by  refening  to  the  figure,  p.  315  of  our 
last  number.  Let  a,  b,  c  represent  successive  positions  of  the  earth  in 
her  orbit,  s  the  sun,  and  ap,  bp,  cp  lines  drawn  from  the  centre  of  the 
earth  to  a  fixed  star,  which  are  to  be  considered  parallel  to  one  another, 
because  of  the  distance  of  the  star.  Suppose  the  meridian  of  any  place 
on  the  earth's  surface  to  pass  over  this  star,  and  the  sun  at  the  same 
instant  in  the  position  a.  In  the  position  b,  the  star  will  appear  at 
N  and  the  sun  at  k,  and  the  meridian  revolving  in  the  direction  k  n  B, 
will  have  to  describe  the  angle  nbs,  after  passing  over  the  star,  before  it 
can  pass  over  the  sun;  but  when  it  passes  over  the  star  it  will  have 
completed  a  certain  number  of  revolutions  exactly  from  the  time  it  left 
the  position  a;  that  is,  it  will  have  completed  a  certain  number  of  sidereal 
days;  and  when  it  passes  over  the  sun  it  will  have  completed  a  certain 
number  of  solar  days  exactly:  a  certain  number  of  revolutions,  or 
sidereal  days,  is,  therefore,  completed  before  the  like  number  of  solar 
days,  or  alternations  of  day  and  night,  is  completed. 

Now,  the  angle  nbk,  which  the  meridian  has  to  describe  after 
completing  a  certain  number  of  sidereal  days,  before  it  completes  the 
like  number  of  solar  days,  is  equal  to  the  angle  asb  which  the  earth 
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has,  in  tlie  mean  time,  described  about  the  sun;  when,  therefore,  the 
earth  has  completed  its  revolution  about  the  sun,  or  described  360°, 
the  angle  which  the  meridian  has  to  describe,  after  completing  a  certain 
number  of  sidereal  days,  before  it  completes  the  same  number  of  solar 
days,  is  360°;  but  this  360°,  being  a  complete  revolution,  Avill  take  it  just 
another  sidereal  day  to  describe,  which  will  make  the  whole  number  of 
sidereal  days  one  more  than  the  whole  number  of  solar  days. 

VIII. 
The  Divisions  of  Time. — True  Time. — Mean  Time, 

That  division  of  time  which  is  most  obviously  presented  to  us  by  the 
phenomena  of  the  heavens,  and  which,  as  long  as  the  world  lasts,  will 
continue  to  be  the  great  practical  division  of  time,  is  the  alternation  of  a 
day  and  a  night.  This  great  division  was  established  in  the  beginning 
of  things,  when  God  first  divided  the  light  from  the  darkness,  and  "  the 
evening  and  the  morning  were  the  first  day."  But  a  very  slight 
observation  is  sufficient  to  show  us,  that  the  length  of  the  period 
of  light,  and  the  length  of  the  period  of  darkness,  is  perpetually 
varying, — that,  for  instance,  the  day  of  summer  is  longer  than  the  day 
of  winter,  and  that  an  opposite  relation  obtains  with  regard  to  the 
nights  of  these  two  seasons ;  but  that  the  sum  of  these  two  periods,  is, 
all  tlie  year  round,  and  all  the  world  over,  nearly  the  same.  This  sum, 
j.^  ^v  which  is  nearly,  and  Avas  at  first  imagined  to  be  exactly,  uniform,  was 
<^„», called  a  day.  Thus  we  understand  the  full  force  of  the  expression,  "the 
i;*V  evening  and  the  morning  were  thefirst_day7^  The  first  measurement  of 
^  the  length  of  the  time  of  light  and  the  length  of  the  time  of  darkness, 
"  ''7'.''was  no  doubt  made  by  observing  the  time  between  sunrise  and  sunset, 
and  between  sunset  and  sunrise;  and  this  method  admits  of  considerable 
accuracy.  It  would  soon,  however,  be  found  to  be  fit  once  more  con- 
venient and  more  accurate  to  observe  the  interval  between  two  apparent 
passages  of  the  sun  over  the  meridian,  or  two  of  its  greatest  succesive 
elevations  in  the  heavens.  Before  instruments  applicable  to  the  exact 
admeasurement  of  angles  came  to  be  used,  this  was  done  by  observing 
the  interval  between  the  times  on  two  successive  days  when  the  lengtli 
of  the  shadow  of  a  vertical  object  was  least. 

This  period  is  the  true  solar  day.  It  is  divided  into  24  equal  parts, 
called  hours ;  and  if  these  be  counted  from  noon  up  to  noon  again,  it  is 
the  astronomical  day. 

Now  observations  of  so  rough  and  uncertain  a  kind  as  those  spoken 
of  above,  are  yet  sufficient  to  establish  the  fact  that  this  solar  day  is  not 
constantly  of  the  same  length.  This  irregularity  of  the  length  of  the 
solar,  as  compared  with  the  sidereal  day,  arises  principally  out  of  two 
causes.  The  first  is,  that  the  sun's  apparent  path  round  the  earth  is  not 
parallel  to  the  apparent  paths  of  the  stars, — or,  in  other  words,  that  the 
axis  about  which  the  sun  apparently  revolves  round  the  earth  every  year 
(the  axis  of  the  ecliptic,)  does  not  coincide  with  the  axis  about  which  the 
earth  revolves  every  day.  The  second  cause  is  the  continual  variation  of 
the  motion  of  the  earth  in  its  elliptical  orbit. 
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Let  NCSL  represent  the  sphere  of  the  heavens,  eq  the  equinoctial, 
c  L  the  ecliptic,  n,  s  the  poles,  p  the  place  of  the  sun  in  the  ecliptic,  at  the 
time  when  the  celestial  meridian  nps  of  any  place  is  passing  over  it,  m 
the  place  of  the  sun  in  the  ecliptic  on  i\\e  following  clay.  To  pass  over  the 
sun  on  this  following  day,  the  meridian,  after  completing  its  revolution 
into  the  position  NPps,  must  further  revolve  through  the  angle  pnm  into 


the  position  nms;  now  the  meridian  re\o\\G?>  uniformly ;  if,  therefore,  the 
angle  through  which,  in  order  to  overtake  the  sun,  it  has  to  revolve  every 
day,  over  and  above  a  complete  revolution,  be  the  same,  then  will  the 
length  of  time  between  its  leaving  the  sun  and  returning  to  the  sun 
again  be  the  same, — or,  in  other  Avords,  the  solar  day  will  be  always 
of  the  same  length ;  but,  on  the  contrary,  if  this  angle  be  not  always  the 
same,  the  lengths  of  successive  solar  days  will,  for  this  cause,  be  different. 
Now,  supposing  the  sun  to  move  uniformly  in  the  ecliptic,  it  is  manifest 
that  this  angle  cannot  always  be  the  same,  because  the  ecliptic  is  oblique 
to  the  equator. 

It  is  manifest  that  as  the  meridian  revolves  uniformly,  it  would  carry 
a  point  fixed  upon  it  uniformly  ;  and  if  such  a  point  were  fixed  upon  it, 
half  Avay  between  the  poles,  it  would  carry  it  along  the  eqninoclial.  The 
meridian  traverses,  therefore,  the  equinoctial  utiiforynly,  and  equal  spaces 
on  the  equinoctial  are  revolved  over  in  equal  times  by  the  meridian,  or 
correspond  to  equal  angles  described  by  the  meridian;  if,  therefore,  equal 
spaces  on  the  ecliptic  corresponded  to  equal  spaces  on  the  equinoctial, — 
that  is,  if  taking  distances  anywhere  on  the  ecliptic,  each  equal  to  one 
another,  and  to  p  m,  the  spaces  p  m  on  the  equinoctial  corresponding  to 
them  were  all  of  necessity  equal  to  one  another,  then  the  corresponding 
angles  pnm  would  all  be  equal;  and  if  pm  were  the  space  described  by 
the  sun  in  the  ecliptic  every  day  in  the  year,  then  would  every  solar  day 
be  of  the  same  length.  But  this  is  not  the  case.  If  equal  spaces,  such  as 
p  m,  be  taken  on  different  points  of  the  ecliptic,  it  will  be  found,  and  it 
is  manifest,  that  the  spaces  such   as  p  m,  corresponding  to  these  on  the 
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equinoctial,  are  not  equal, — the  angles  pistm  corresponding  to  equal  motions 
of  the  sun  in  the  ecliptic  are,  therefore,  tiot  equal ;  and  the  solar  day  is 
not  then,  at  all  periods  of  the  year,  of  the  same  length,  and  would  not 
be,  even  if  the  sun's  motion  in  the  ecliptic  were  regular.  But  the  sun's 
motion  in  the  ecliptic  is  not  regular,  because  the  earth's  motion  in  its 
orbit  is  not  regular.  Referring  to  the  fig.  in  page  315  of  the  last  num- 
ber, we  perceive,  that  the  angle  nbs  being  equal  to  the  angle  a  SB,  if 
the  latter  angle,  representing  the  earth's  angular  motion  in  any  given 
time  about  the  sun,  be  not  always  the  same,  then  the  angle  nbs  or  the 
arc  N  K,  representing  the  sun's  apparent  angular  motion  in  the  ecliptic  in 
that  time,  will  not  always  be  the  same.  Now  we  know,  and  it  will  be 
shown  hereafter,  that  the  earth's  angular  motion  about  the  sun  is  varied, 
because  its  distance  from  the  sun  varies  continually.  Thus,  then,  the 
irregular  motion  of  the  sun  in  the  ecliptic  is  accounted  for  ;  it  sometimes 
describes  57'  of  the  ecliptic  in  a  day,  and  sometimes  61' ;  and  from  this 
cause  arises  a  difference  in  the  length  of  the  solar  day  which  may  amount 
to  8'  20"  of  time.  "We  have,  then,  two  principal  causes  of  iiTCgularity, 
in  the  length  of  the  solar  day,  and  the  true  time  of  noon.  1st.  The 
inequality  of  the  angles  through  which  the  meridian  must  revolve  on 
successive  days  to  overtake  the  sun,  caused  by  the  obliquity  of  his  path. 
2dly.  The  irregularity  of  his  motion  in  his  path,  resulting  from  the 
elliptic  form  of  the  earth's  orbit.  If  we  imagine  a  sun  to  traverse  the 
equinoctial  instead  of  the  ecliptic,  with  a  continued  uniform  motion  in 
the  period  of  each  year,  or  in  365-2,422,414  days,  it  will  describe  an  arc 
of  59'  8^"  every  day,  through  which  arc  the  meridian  will  revolve  in 
3'  56^"  of  sidereal  time.  If,  therefore,  p  be  the  position  of  such  a  sun 
on  one  day,  and  m,  at  a  distance  59'  8^"  from  it,  be  its  position  on  the 
next,  then  will  the  meridian  nps  arrive  at  M,  3'  56^"  after  completing  one 
entire  revolution  of  the  heavens.  If,  therefore,  we  take  a  pendulum 
clock,  and  so  regulate  the  length  of  its  pendulum,  that  its  hour-hand 
shall  have  completed  3'  56|"  short  of  one  entire  revolution,  in  the  period 
of  one  entire  revolution  of  the  meridian,  as  marked  by  two  passages  of 
the  meridian  over  the  same  stars,  then,  3'  bQ^"  after  this  the  meridian  will 
pass  over  our  imaginary  sun,  and,  at  the  same  instant,  the  hand  of  the 
clock  will  have  completed  its  revolution.  A  clock  thus  regulated  is  said 
to  be  regulated  to  mean  solar  time. 

Now  let  us  suppose  that  our  imaginary  sun  sets  out  from  the  point 
Aries,  cp,  (see  the  figure  on  the  next  page),  at  the  instant  of  the  vernal 
equinox,  when  the  true  sun  is  also  in  that  point.  Let  the  dial-plate  of  the 
clock  be  divided  into  24  equal  parts,  and  let  the  hand  at  that  instant  stand 
at  24.  Also  let  the  meridian  n  cp  s  be  at  that  instant  passing  over  the  sun. 
Let  m  be  the  position  of  the  imaginary  sun  at  the  instant  when  the  hand  of 
the  clock  next  points  to  24,  and  the  meridian  is  again  passing  over  the  ima- 
ginary sun.  Since  the  angle  "^  7np  is  a  right  angle,  cyo  />  is  the  hypothenuse 
of  a  right-angled  triangle,  and  is  therefore  greater  than  cyo  m.  The  true  sun 
having,  therefore,  described  in  the  ecliptic  a  space  equal  to  that  of  the  ima- 
ginary sun  in  the  equinoctial,  vnW.  be  at  some  point  p'  in  <^p  such  that  op 
p'  —  cyo  jfi^  Thus,  then,  when  the  meridian  passes  over  ?»,  it  will  have  first 
passed  over  p',  or  it  will  have  passed  over  the  true  sun  before  it  passes  over 
the  imaginary  sun,  or  before  the  hand  of  the  clock  again  shows  24  hours. 
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Time,  about  the  equinox  the  time  of  true  noon  precedes  the  time  of  mean 
noon,  by  reason  of  the  excess  of  the  space  ^  p  described  in  a  mean  solar 
day  by  the  true  sun,  over  that  cyo  7w  described  by  mean  sun.  For  some 
weeks  the  time  by  which  the  it'iie  thus  precedes  the  meati  noon  will  con- 
tinue to  increase,  until  it  has  attained  an  interval  of  about  16' ;    it  will 


then  continually  diminish  imtil  at  the  solstice  p  it  vanishes;  for  it  is 
manifest  that  there  the  corresponding  arcs  of  the  ecliptic  and  equinoctial 
are  equal;  so  that  supposing,  as  we  have  done,  that  the  true  and  mean 
sun  move  each  with  the  same  uniform  velocity,  the  meridian  will 
pass  over  them  both  at  the  same  time.  True  and  mean  noon  coincide 
therefore  at  the  solstices.  After  the  solstice  is  passed,  mean  noon  will  begin 
to  precede  true  noon,  and  the  interval  will  again  increase  up  to  a  certain 
point  between  this  solstice  and  the  following  equinox;  having  then  attained 
its  maximum,  it  will  begin  to  diminish,  until  at  the  equinox  it  vanishes, 
and  mean  and  true  noon  again  coincide.  In  passing  on  further  to  the  next 
solstice,  the  time  of  true  will  begin  to  precede  that  of  mean  noon,  and  the 
same  changes  will  be  gone  through  as  in  the  preceding  half  of  the  ecliptic, 
until  both  suns  again  come  together,  and  both  noons  coincide  in  the  point 
Aries  ^,  whence  they  set  out.  Thus,  then,  on  the  supposition  which  we 
have  made,  that  the  sun  moves  tiniformly  in  the  ecliptic,  it  appears  that 
the  time  of  true  and  mean  noon  will  alternately  precede  one  another,  and 
that  four  times  a  year  the  interval  between  them  wiU  attain  a  maximum 
value*. 

The  sun  does  not,  however,  move  uniformly  in  the  ecliptic,  by 
reason  of  the  ellipticity  of  the  orbit  of  the  earth ;  and,  moreover,  the 
velocity  of  his  apparent  motion  is  dependent,  not  upon  his  position  with 
respect  to  the  solstitial  or  equinoctial  points,  but  upon  the  position  of  the 
earth  with  respect  to   the  principal  points  of  her  orbit  about  him,  her 

*  This  maximum  value  will  be  attained  when  the  sun  is  4G°  14'  from  either  equinox, 
and  it  may  amount  to  10'  3*9"  of  time.  . 
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aphelion  and  perihelion,  the  nearest  and  most  distant  points.  Thus,  then, 
the  amount  of  the  deviation  of  the  motion  of  the  sun,  at  any  point  of 
the  ecliptic,  from  his  mean  motion,  is  dependent  on  the  position  of  the- 
perihelion  of  the  earth's  orbit  in  the  ecliptic;  moreover,  this  position  is 
varying  from  year  to  year.  Here,  then,  is  another  and  most  important  cause 
of  the  variation  of  the  time  of  true  from  that  of  mean  noon,  by  reason 
of  which  cause  alone  it  may  be  calculated,  that  at  certain  periods  of  the 
year  the  time  of  true  noon  would  differ  from  that  of  mean  noon  by  about 
8'  20"  of  time. 

It  has  been  before  stated  that,  by  reason  of  the  obliquity  of  the  ecliptic 
alone,  the  times  of  true  and  mean  noon  might  be  made  to  differ  10'  3'9"  of 
time.  If,  then,  the  time  of  greatest  variation  from  the  one  cause  coincided 
with  the  time  when  the  greatest  variation  takes  place  by  reason  of  the 
other  cause,  then  both  thus  conspiring,  the  whole  variation  of  the  time  of 
true  from  that  of  mean  noon  would  be  not  less  than  18'23'9".  But  this 
is  not  the  case, — and  the  maximum  interval  between  the  time  of  noon  as 
shown  by  a  good  clock  keeping  mean  time,  and  the  true  time  of  the  sun's 
passing  the  meridian,  never  exceeds  16'  17"  of  time.  Moreover,  by  reason 
of  the  irregularity  introduced  by  the  elliptic  motion  of  the  earth,  the 
coincidence  of  the  true  and  mean  noon  at  the  equinoxes  and  solstices  is 
destroyed,  and  true  noon  is  shown  by  the  clock,  not  at  the  periods  of  the 
equinoxes  and  solstices,  but  at  the  following  periods, — the  15tli  April, 
the  15th  June,  1st  September,  24th  December.  The  sun  gains  upon  the 
clock  between  the  two  first  of  these  periods,  loses  during  the  second,  and 
gains  again  during  the  third.  It  is  beh'md  the  clock  by  its  greatest  interval 
of  14' 37"  on  the  11th  of  February,  and  before  it  by  its  greatest  interval 
of  16'  17"  on  the  3d  of  November. 

There  are  three  methods  of  measuring  time,  commonly  in  use  among 
astronomers. 

1.  It  is  measured  by  sidereal  time,  which  is  regular,  being  governed 
by  the  regular  revolutions  of  the  earth  upon  its  axis,  as  shown  by  succes- 
sive returns  of  the  meridian  to  the  same  star. 

2.  It  is  measured  by  meaii  time,  the  nature  of  which  has  been  suf- 
ficiently explained  in  the  preceding  pages,  and  the  method  of  regulating 
an  astronomical  clock,  so  as  to  show  that  time  (see  p.  358) ;  this  time, 
like  sidereal  time,  is  uniform,  being  dependent  upon  the  period  required 
by  the  earth  to  make  one  complete  revolution  in  her  orbit. 

3.  Solar,  or  true  time,  as  it  is  called,  which  is  measured  by  the  time 
between  two  successive  noons,  or  actual  passages  of  the  meridian  of  any 
place  over  the  sun ;  and  that  time  not  being  the  same  at  all  seasons  of  the 
year,  it  follows  that  solar  time  is  irregular,  and  that  the  solar  hour,  which 
is  the  24th  part  of  the  solar  day,  has  not  exactly  the  same  length  on  any 
two  successive  days. 

The  difference  between  true  and  mean  solar  time,  explained  in  the 
preceding  pages,  is  called  the  equation  of  time.  Clocks,  called  equation- 
clocks,  have  been  so  constructed,  that  whilst  one  of  their  hands  shows 
on  the  dial-plate  mean  time,  the  other  points  to  true  time.  The  mecha- 
nism of  a  clock,  whose  hand  is  to  follow  the  irregular  course  of  the 
sun,  through  each  quarter  of  the  year,  is,  however,  so  complicated,  that 
little  dependence  can  be  placed  upon  it. 
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The  sidereal  day,  whicli,  like  the  solar,  is  divided  into  24  hours,  com- 
mences at  the  instant  when  the  meridian,  at  the  place  of  observation, 
passes  over  the  equinoctial  point  Aries,  and  terminates  when  it  returns  to 
that  point. 

Thus  the  time  of  the  sidereal  day,  when  the  meridian  passes  over 
any  particular  star,  is  the  time  which  it  takes  to  revolve  from  the  equi- 
noctial point  Aries  to  that  star;  and  since  it  revolves  regularly  through 
15°  in  every  sidereal  hour*,  it  is  manifest  that,  allowing  at  the  rate  of  15° 
for  each  sidereal  hour  shown  by  the  clock,  (or,  as  it  is  called,  converting 
the  time  into  degrees,)  we  may  ascertain  at  once  the  right  ascension  of 
the  star,  which  is  no  other  than  the  number  of  such  degrees  intervening 
between  it  and  the  point  Aries,  by  observing  the  sidereal  time  when  the 
meridian  passes  over  it. 

Since  the  right  ascensions  of  all  the  principal  stars  have  been  accu- 
rately ascertained ;  by  observing  the  sidereal  time  sho^vn  by  the  clock 
when  the  meridian  passes  over  any  such  stai-,  we  may  conversely  ascer- 
tain whether  the  clock  be  right  or  not;  and  it  is  thus  that  astronomical 
clocks  are  regulated. 

Solar  time  is  found  by  observing  the  time  of  two  successive  passages 
of  the  sun  over  the  meridian,  and  dividing  the  interval  into  24  hours. 
It  is  the  time  shown  also  by  a  well-constructed  sun-dial. 

Mean  time  is  found  by  observing  the  true  time,  and  allowing,  accord- 
ing to  the  table  of  equation  of  time,  for  its  difference  from  true  time. 
Thus,  to  determine  the  mean  time  of  noon,  we  should  observe  by  our  clock 
the  true  time  of  noon,  or  the  exact  time  of  the  meridian  passing  over  the 
centre  of  the  sun.  If  then  we  deduct  from  this,  or  add  to  it,  the  equation 
of  time  for  the  noon  of  that  day,  the  result  will  bring  us  to  mean  noon. 

There  is  yet  another,  and  practically  a  better  method.  If  a  clock 
be  set  to  true  mean  time,  the  stars  will  every  day  complete  an  apparent 
revolution, — that  is,  the  meridian  itself  will  complete  a  real  revolution, — 
precisely  3'  55'9"  before  the  hour-hand  has  completed  its  revolution  of  24 
hours  on  the  dial.  Observe,  then,  two  successive  transits  of  a  star;  at 
the  first  set  the  hour-hand  at  12,  and  regulate  it  so  that  at  the  second  it 
shall  show  3'  55'9"  short  of  12.  It  will  then  be  regulated  so  as  to  show 
mean  time.  It  only  remains  to  set  it  at  the  mean  noon,  as  explained  in 
the  preceding  page. 

•  This  is  evident  from  the  fact  that  it  completes  its  revolution  of  360°  in  24 
sidereal  hours. 
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VII. 

Gases. — Hydrogen. 

It  is  now  my  intention  to  introduce  to  your  notice  a  most  remarkable 
and  highly-interesting  gaseous  element,  namely  hydrogen.  Before,  how- 
ever, you  can  succeed  properly  in  evolving  it,  there  are  several  manipu- 
lations requisite  to  be  performed,  which  ai*e  as  follows  : 

In  the  first  place,  you  must  obtain  a  pound  or  two  of  the  metal 
zinc,  and  melt  this  in  an  iron  ladle  over  a  bright  fire,  just  as  you  would 
so  much  lead.  When  perfectly  melted,  pour  the  metal  very  slowly 
from  a  height  of  three  or  four  feet  into  a  large  pailful  of  cold  water ;  it 
will  hiss  and  spatter  a  good  deal,  but  you  need  not  be  alarmed  at  that, 
for  there  is  no  danger.  It  is  best  not  to  hold  the  ladle  so  that  all  the 
melted  zinc  falls  exactly  in  the  centre  of  the  water,  but  to  carry  the 
ladle  round  and  round,  so  that  the  melted  metal  may  be  more  dispersed 
in  its  fall.  Now  having  done  this,  empty  the  water  from  the  pail,  and 
you  will  find  at  its  bottom  the  zinc  in  small  irregular  pieces,  of  various 
sizes ;  collect  them  together  (and  be  careful  how  you  do  this,  for  some  of 
them  are  very  sharp,  and  will  wound  the  fingers  very  severely),  and 
place  them  6n  a  sieve,  or  in  a  large  funnel  to  drain. 

The  process  of  thus  reducing  zinc  into  small  particles  is  called  gra- 
tiulaiion,  and  the  result,  granulated  zific;  it  is  a  very  convenient  form  of 
the  metal  for  many  operations.  You  would  find  it  a  matter  of  no  small 
difficulty  to  break  up  a  mass  of  zinc  by  mechanical  means, — ^^  ith  a 
chisel  and  hammer  it  would  take  you  a  long  time ;  but  here,  by  the 
chemical  agency  of  heat,  you  destroy  the  cohesion  of  the  metal  in  a  few 
minutes ;  and  by  pouring  it  in  the  melted  state  slowly  into  water,  it  soli- 
difies into  small  masses.  This  operation  of  granulation  is  not  confined 
to  zinc  alone ;  many  other  metals  may  be  similarly  treated,  as  will  be 
fully  shown  hereafter. 

The  granulated  zinc  must  now  be  dried  by  spreading  it  on  the  hob 
of  the  grate,  and  whilst  this  is  doing,  you  may  proceed  to  another 
operation. 

Select  a  soft,  sound,  and  accurately-cut  cork,  that  will  tightly  fit  a 
narrow-mouthed  pint  glass  bottle,  and  with  a  "  rat-tail"  file  or  "  rasp" 
make  a  circular  hole  very  neatly  through  the  cork,  so  as  to  admit  one 
end  of  a  foot  of  common  "  gas-tubing,"  either  of  pewter  or  copper.  If 
this  does  not  happen  to  fit  as  accurately  as  you  could  Avish,  melt  a  little 
bees'-wax  around  it ;  the  tube  must  now  be  bent  into  a  shape  something 
like  the  letter  S  turned  thus,  zc.  A  little  knack  is  required  in  thus 
bending  the  tube  so  as  to  make  two  regular  and  handsome  bends ;  for  if 
you  do  not  mind  what  you  are  about,  you  will  get  a  very  ugly  shape,  flat 
in  some  parts,  and  round  in  others,  on  account  of  the  unequal  strain 
upon  the  metal ;  but  if  you  stop  up  one  end  of  the  tube  with  a  small 
cork,  then  fill  it  full  of  dry  sand,  and  stop  up  the  other  end  also  with  a 
cork,  you  render  the  tube  much  more  manageable,  because  as  you  bend 
it,  the  enclosed  sand  resists  any  unequal  pressure,  and  supports  all  parts 
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of  the  metal  alike,  and  thus  you  obtain  a  very  neatly  bent  tube ;  now 
remove  the  corks  and  shake  out  the  sand.  Put  an  ounce  or  two  of  gra- 
nulated zinc  into  the  bottle,  and  about  half  fill  it  with  water ;  and  having 
arranged  your  pneumatic  trough,  and  all  its  bottles  and  jars  with  cold 
water,  as  directed  for  oxygen,  pour  into  what  we  will  call  the  gas-bottle, 
that  is,  the  glass  bottle,  some  strong  sulphuric  acid  (oil  of  vitriol),  until 
you  find  a  tolerably  brisk  effervescence  ensue;  then  insert  the  curved  pipe; 
wait  a  minute  or  so  before  you  plunge  its  extremity  under  the  water  of 
the  trough,  in  order  that  all  the  common  air  may  be  thoroughly  expelled 
by  the  hydrogen  which  is  evolving,  for  the  efifervescence  is  due  to  its 
liberation.  Then  proceed  to  collect  it,  by  causing  it  to  bubble  through 
the  water,  as  for  oxygen  or  chlorine;  you  will  find  it  come  over  very 
readily  and  very  abundantly ;  but  should  the  action  flag  after  a  time, 
empty  out  the  liquid  contents  of  the  "  gas-bottle,"  leaving  only  the  zinc, 
and  insert  a  fresh  charge  of  water  and  acid  as  before,  and  thus  you  may 
go  on  evolving  hydrogen  until  all  the  zinc  is  entirely  dissolved.  Novr 
you  find  that  the  hydrogen  gas  collected  in  your  pneumatic  apparatus  is 
as  perfectly  invisible  as  common  air  or  oxygen  ;  but  perhaps  during  the 
operation  of  collecting  it  some  has  escaped,  and  you  have  observed  a 
peculiar  smell ;  this,  however,  is  owing  to  impurities  in  the  zinc  employed 
in  the  experiment ;  perfectly-pure  hydrogen  is  devoid  of  smell,  but  it  is 
a  most  difficult  matter  to  obtain  it.  However,  what  you  have  collected 
is  quite  pure  enough  for  all  your  experiments ;  and  now  proceed  to  ex- 
amine its  properties. 

Open  a  bottle  of  the  gas,  and  immerse  a  lighted  taper,' — the  hydrogen 
instantly  takes  fire,  with  a  very  pale  flame,  so  pale,  indeed,  as  scarcely 
to  be  visible  in  broad  day-light;  it  is  therefore  an  inflammable  gas; 
but  you  will  remark  that  the  taper  is  extinguished, — so  that  hydrogen 
although  inflammable,  and  highly  so,  as  subsequent  experiments  will 
show,  yet  will  not  support  combustion.  You  will  have  a  better  oppor- 
tunity of  examining  the  flame  of  hydrogen  if  you  make  a  hole  through 
another  cork  to  fit  the  large  end  of  a  long  piece  of  tobacco-pipe,  and 
placing  this  in  the  neck  of  the  gas-bottle,  after  putting  in  a  charge  of 
zinc,  water,  and  acid;  allow  the  efiervescence  to  proceed  for  about  two 
minutes,  and  then  apply  a  bit  of  lighted  paper  to  the  other  end  of  the 
tobacco-pipe,  the  hydrogen  will  instantly  take  fire  with  a  sharp  pop,  and 
burn  for  a  very  long  time  with  a  beautiful  pale  flame.  This  arrangement 
constitutes  "  Priestley's  philosophical  candle ;"  rather  an  unlucky  term 
by  the  way,  because,  although  a  "  philosophical,"  it  is  by  no  means  a 
luminous  candle,  being  the  purest  and  palest  form  of  flame  hitherto 
known.  Place  it  in  a  dark  room,  and  you  will  barely  be  able  to  distin- 
guish the  printed  letters  of  a  book  even  when  held  very  close  to  it ;  but 
although  thus  non-luminous,  it  is  most  intensely  hot ;  it  will  readily 
kindle  a  bit  of  paper  or  wood,  and  heat  a  bit  of  iron  to  a  very  high  tem- 
perature, or  if  you  happen  to  have  a  bit  of  thin  platinum-wire  amongst 
your  "  chemicals,"  hold  it  in  the  pale  flame  and  remark  how  intensely 
the  wire  is  ignited,  not  burned,  remember,  and  hoAv  much  light  is  now 
suddenly  evolved,  by  the  introduction  of  this  solid,  and  almost  infusible 
and  incombustible  metal.  The  book  actually  becomes  legible  now ;  but 
remove  the  platinum-wjre  and  it  is  no  longer  so. 
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All  these  facts  regarding  the  increased  light  of  pale  flames  by  the 
introduction  of  solid  bodies,  will  come  before  you  on  a  future  occasion ; 
and  therefore  I  do  not  enter  upon  them  in  detail  ut  present. 

Now,  in  the  first  experiment,  with  the  bottle  of  hydrogen  in  the 
pneumatic  trough,  and  also  in  the  second,  with  the  "  philosophical  candle," 
the  gas  took  fire  with  only  a  very  slight  pop,  scarcely  meriting  the  title 
of  an  explosion,  because  it  was  tolerably  pure  and  free  from  admixture 
with  common  air;  but  supposing  this  to  have  been  present,  what  result 
would  have  taken  place  ?  why,  the  hydrogen,  instead  of  burning  quietly, 
would  have  burned  with  explosion. 

Let  us  take  the  "  philosophical  candle," '  to  illustrate  this  point. 
You  find  it  burning  quietly  on,  because  the  combustion  is  supported  by 
the  air  around,  which  comes  gradually  around  to  answer  the  demand  of 
the  flame  for  oxygen,  Avhich,  as  I  have  frequently  told  you,  is  one  of  the 
constituents  of  air;  but,  supposing  that  we  applied  a  light  to  the  end  of 
the  tobacco-pipe,  the  instant  after  the  acid  was  poured  on  the  water  and 
zinc,  what  would  have  been  the  consequence?  why  an  explosion, — because 
the  materials  only  occupying  about  one  half  of  the  bottle,  the  other  half 
was  filled  with  air;  and  when  the  first  jiortions  of  hydrogen  were  evolved, 
mixing  with  this  they  had  oxygen  enough  to  support  their  combustion, 
not  slowly,  but  rapidly,  and  the  whole  arrangement  would  have  been 
blown  to  pieces  by  the  explosion. 

Hence,  in  experimenting  with  hydrogen,  you  should  always  be  cau- 
tious to  let  the  common  air  be  completely  expelled  before  you  attempt 
either  to  collect  or  inflame  the  gas,  otherwise  a  serious  accident  may 
happen  to  you,  by  the  fragments  of  the  glass  apparatus  being  violently 
scattered  around  by  the  explosion. 

You  can  safely  make  an  experiment  which  will  satisfy  you  regarding 
this  matter,  by  taking  a  bladder  rather  more  than  half  full  of  air,  and  then 
tying  it  on  to  the  bent-tube  of  the  gas-bottle,  or  the  pipe  of  the  "  philo- 
sophical candle,"  until  its  inflation  is  completed  with  hydrogen;  then, 
removing  it  from  the  tube,  hold  a  lighted  taper  to  its  neck, — the  mixture 
of  air  and  hydrogen  will  explode  with  great  violence,  rending  the  bladder 
into  threads. 

Take  a  tin  tube,  about  two  inches  in  diameter  and  a  foot  long,  closed 
at  one  end ;  fill  it  with  water  in  the  pneumatic  trough,  as  you  would  any 
other  vessel;  then  transfer  into  it  six  parts  or  small  glasses  full  of  air,  and 
two  of  hydrogen, — apply  a  light  to  this,  you  get  a  loud  explosion,  and 
there  is  no  danger  of  any  accident  happening.  Do  not  attempt  the  expe- 
riment in  a  glass  tube  of  similar  size. 

Supposing  that  you  again  take  this  tube  and  transfer  into  it  one 
measure  or  part  of  oxygen,  and  tivo  of  hydrogen,  and  put  a  lighted  taper 
to  this  mixture,  you  will  obtain  a  yet  more  rapid  and  powerful  explosion, 
because  the  oxygen  being  pure,  and  unmixed  with  nitrogen,  as  in 
atmospheric  air,  the  hydrogen  combines  with  it  far  more  intensely  and 
eagerly. 

Next  to  the  inflammability  of  hydrogen,  its  levity  is  the  most  remark- 
able character,  and  we  will  now  proceed  to  examine  this. 

Take  two  bottles  of  hydrogen,  place  one  of  them  on  the  table,  with 
its  mouth  upwards,  and   remove  the   stopper;  hold  the  other  with  its 
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mouth  dotvnwnnh,  and  remove  its  stopper;  let  the  hottles  remain  in  this 
position  for  ahout  a  minute,  and  then  apply  a  lighted  taper  to  the  mouths 
of  each ;  you  will  find  no  flame  issue  from  that  with  its  mouth  upwards, 
but  a  flame  and  explosion  from  that  with  its  mouth  downwards ;  both 
bottles  were  full  of  hydrogen  at  the  outset  of  the  experiment,  therefore, 
what  has  become  of  it  out  of  the  one  bottle?  Why,  the  light  hydrogen 
has  ascended  into  the  air,  or,  if  you  please,  the  heavy  air  has  pressed  it 
out  of  the  bottle;  but  the  hydrogen  remains  in  the  bottle  held  with  its 
mouth  downtvards,  because,  being  so  much  lighter  than  air,  it  cannot  fall 
through  it,  nor  can  the  heavy  air  force  it  out;  a  little  mixture  of  the  air 
and  hydrogen  certainly  does  take  place,  and  that  causes  the  explosion 
when 'you  apply  the  taper^  and  ultimately  the  hydrogen  would  all  escape, 
in  virtue  of  a  singular  tendency  which  all  gaseous  bodies  have  to  mix, 
however  opposite  may  be  their  relative  weights  or  specific  gravities,  as 
will  appear  from  the  following  experiment : 

Take  a  glass  tube,  about  eighteen  inches  long,  and  an  eighth  of  an 
inch  in  the  bore,  open  at  both  ends;  perforate  two  corks  that  will  fit  the 
necks  of  two  stout  narrow-mouthed  four  ounce  bottles,  and  thrust  a 
cork  on  to  each  end  of  the  tube;  now  fill  one  bottle  with  hydros,en^ 
and  the  other  with  oxygen,  and  connect  them  with  the  tube  and  corks, 
so  as  to  stand  like  the  annexed  figure,  the  lower  bottle  containing 
the  oxygen,  and  the  upper  the  hydrogen;  leave  them  thus  at  rest  for 
some  hours,  and  then  uncork  them,  and  by  a  lighted  taper  test 
them  both ;  you  will  probably  find  the  contents  of  each  explosive, 
and  certainly  so  if  you  leave  them  connected  for  a  day  or  two. 
This  proves  that  the  heavy  oxygen  has  ascended,  or  been  attracted 
upwards  by  the  light  hydrogen,  and  vice  versa;  or  otherwise,  hoAv 
could  each  bottle  contain  a  mixture  of  the  two  gases? 

This  is  a  very  interesting  experiment,  and  well  worth  making;  I 
should  tell  you  that  in  corking  the  bottle,  containing  the  hydrogen,  you 
must  hold  it  with  the  mouth  downwards;  and  that  containing  the  oxygen 
with  the  mouth  upwards. 

The  experiments  relative  to  the  levity  of  hydrogen  are  very  numer- 
ous, and  very  beautiful,  and  it  is  difficult  to  make  a  selection  of  the  most 
striking.  You  probably  very  well  know  that  balloons  were  generally 
inflated  with  hydrogen,  previous  to  the  discovery  of  the  levity  of  coal-gas, 
or  carhuretled  hydrogen  ;  you  may  imitate  the  inflation  of  a  balloon  on 
a  miniature  scale,  by  obtaining,  from  the  philosophical  instrument  makers, 
a  small  balloon,  made  of  membrane,  about  six  or  eight  inches  in  diameter; 
these  are  now  very  commonly  sold  at  half  a  crown,  and  from  that  to  five 
or  six  shillings  each ;  they  are  excessively  light,  and  if  you  press  all  the 
air  out  of  one  of  them,  and  then  tie  it  on  to  the  bent-tube  of  the  gas- 
bottle,  or  the  pipe  of  the  philosophical  candle,  you  can  easily  inflate  it 
with  hydrogen,  and  then  upon  detaching  it  from  the  pipe,  it  will  be  found 
so  buoyant  as  to  rise  rapidly  to  the  ceiling  of  the  room,  where  it  remains 
until  the  hydrogen  escapes  through  the  pores  of  the  membrane,  and  then 
your  miniature  balloon  falls  to  the  floor. 

When  this  experiment  was  first  shown  to  a  party  of  philosophers,  (I 
believe  by  Dr.  Black,)  they,  being  unacquainted  with  the  extreme  levity 
of  hydrogen,  could  not  believe  that  the  thin  membrane  or  bladder  rose 
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and  remained  at  the  ceiling  of  its  own  accord ;  they  suspected  that  some 
confederate  was  in  the  room  above,  who,  at  a  given  signal  from  below, 
drew  up  the  thin  bladder,  by  means  of  a  fine  horse-hair  or  silk  thread, 
attached  to  it,  and  passing  through  a  small  hole  in  the  ceiling ! 

Balloons  of  enormous  magnitude,  inflated  with  hydrogen  or  car- 
buretted  hydrogen,  are  now  so  common,  that  almost  everybody  is  aware 
of  the  cause  of  their  ascending  force,  and  no  one  suspects  that  they  are 
pulled  upwards  by  any  threads  or  strings.  But,  although  thus  common, 
a  balloon  ascent  never  fails  to  excite  a  vast  deal  of  attention  and  interest ; 
indeed,  I  think  it  a  most  magnificent  sight  to  see  a  huge  balloon  bound 
away  from  the  earth,  and  soar  away  amidst  the  regions  of  the  air. 

Hitherto  the  balloon  has  not  proved  a  very  useful  instrument  to 
science,  although  some  curious  facts  and  observations  concerning  the 
state  of  the  higher  regions  of  the  atmospliere  have  certainly  been  con- 
tributed to  our  stock  of  knowledge  through  its  agency;  and  we  cannot 
help  looking  forward  with  some  considerable  degree  of  intei'est  for  an 
authentic  and  detailed  account  of  the  magnificent  voyage  of  480  miles, 
lately  made  by  three  aeronauts  in  the  stupendous  "  Vauxhall  Balloon." 

But  to  return  more  immediately  to  the  miniature  experiments  of  the 
laboratory:  there  is  another  way  of  showing  the  levity  of  hydrogen,  both 
beautiful  and  instructive.  Make  a  basinful  of  strong  soap- lather,  just  as 
if  you  were  about  to  blow  common  soap-bubbles ;  (an  amusement,  by  the 
way,  practised  by  the  immortal  Newton,  and  therefore  demanding  no 
apology  for  its  apparent  simplicity  or  childishness.)  Then  fill  a  large 
bladder  (fitted  with  a  stop-cock)  full  of  hydrogen,  from  either  apparatus 
already  described,  and  to  the  stop-cock  adjust  a  short  tobacco-pipe ; 
immerse  this  in  the  lather,  then  open  the  cock,  compress  the  bladder 
gently,  and  you  will  succeed  in  blowing  a  soap-bubble  with  hydrogen; 
detach  it  from  the  bowl,  and  away  it  will  soar  into  the  air  with  great 
rapidity:  this  is  another  miniature  balloon.  But  you  will  very  probably 
say,  "  Why,  any  common  soap  bubble,  blown  by  a  child  Avill  do  the  same 
thing."  Yes,  it  certainly  will  ascend,  but  with  nothing  like  the  same 
rapidity;  and  the  reason  that  it  ascends  at  all  is,  that  the  breath  from  the 
lungs  with  which  it  is  blown  is  warmer,  expanded,  and  therefore  lighter 
than  air ;  it  is  an  imitation,  not  of  the  "  air-balloon"  which  ascends  on 
account  of  its  inherent  and  permanent  levity,  but  of  the  '■\fire-halloon" 
which  ascends  because  the  air  within  it  is  temporarily  rarefied  by  exposure 
to  a  high  temperature.  When  this  cools,  the  fire-balloon  falls, — whereas 
the  "  air-balloon,"  meaning  by  the  term  a  gas  balloon,  will  go  on  ascend- 
ing until  it  bursts  by  expansion  in  the  higher  regions  of  the  air.  A  fact 
this,  Avell  known  to  aeronauts,  who,  as  they  rise  to  a  great  altitude,  are 
obliged  to  allow  a  considerable  portion  of  the  gas  to  escape,  or  otherwise 
it  would  expand  in  the  rare  regions  of  the  air,  and  burst  the  balloon. 

I  have  not  space  here  to  enter  into  more  details  concerning  the  art 
of  aerostation,  and  therefore  shall  take  leave  of  the  subject,  and  direct 
your  attention  to  another  experiment,  illustrative  of  the  levity  of 
hydrogen. 

Take  a  wide-mouthed  glass  bottle  or  jar,  full  of  common  air,  and 
another  of  the  same  size  filled  with  hydrogen,  hold  one  in  each  hand, 
with  the  mouths  downwards,  and  in  this  position  let  an  assistant  take  out 
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the  stopper  of  each ;  then  place  the  neck  of  the  hottle  of 
hydrogen  close  against  that  of  common  air,  and  transfer,  as 
you  Avould  do  in  the  pneumatic  trough,  the  hydrogen  into 
the  bottle  of  air  ;  thus  it  will  rise  through  the  aii\  displace 
it,  and  fill  the  bottle,  as  a  lighted  candle  applied  to  its 
mouth  will  show  you  directly,  by  an  explosion  ;  but  if  you 
similarly  test  the  bottle  that  first  contained  the  hydrogen, 
you  will  have  no  explosion,  because  it  is  now  filled  with 
air,  in  which,  of  course  a  candle  will  quietly  burn. 

Hydrogen  is  the  lightest  substance  with  which  the  chemist  is  ac- 
quainted,— indeed  so  light,  that  formerly  its  ponderable  nature  Avas  doubted 
by  some  philosophers,  for  good  balances  could  not  detect  its  Aveight,  even 
when  in  very  large  volume.  The  chemist,  however,  invoked  the  aid  of 
the  mechanist,  who  produced  a  balance  capable  of  being  affected  by  this 
highly-attenuated  elementary  form  of  matter,  100  cubical  inches  of  which 
were  found  to  weigh  about  two  grains;  still  further  perfecting  the 
balance,  hydrogen  was  found  to  be  yet  a  little  heavier,  until  at  the  present 
day  its  weight  is  determined  Avith  all  the  accuracy  that  can  be  ensured, 
and  it  is  found  that  100  cubical  inches  Aveigh  2' 11 8  grains.  Such  is 
the  perfection  of  mechanical  skill,  that  some  balances  are  actually 
affected  by  the  weight  of  one  cubical  inch  of  hydrogen  ! 

Besides  inflammability  and  IcAdty,  hydrogen  has  another  remarkable 
property,  namely,  that  of  producing  musical  sounds  during  its  combustion, 
and  the  mode  of  experimenting  to  obtain  the  result  is  sufficiently  simple. 
Obtain  a  common  brass  bloAA^pipe,  heat  its  smaller  end  red-hot  in  the 
fire,  suffer  it  to  cool,  and  then  make  it  perfectly  straight,  (you  must  not 
attempt  to  do  this  whilst  it  is  hot,  for  hot  brass  is  very  brittle ;)  substitute 
this  for  the  tobacco-pipe  in  the  "  philosophical  candle,"  and  proceed  to 
evolve  hydrogen,  Avhich,  after  the  lapse  of  a  minute  or  tAvo,  kindle  at  the 
end  of  the  brass  tube.  You  must  not  have  a  very  rapid  evolution  of 
the  gas,  therefore  do  not  pour  in  much  acid,  neither  let  the  zinc  be  too 
small, — indeed  a  lump  or  tAvo  is  better  than  a  number  of  small  pieces,  for 
you  do  not  require  much  hydrogen,  and  only  Avant  a  very  small  flame. 
Having  succeeded  in  obtaining  this,  hold  over  it  so  as  to  enclose  it,  a  tube 
of  almost  any  material — glass,  brass,  tin,  or  copper,  about  an  inch  in 
diameter  and  eighteen  inches  or  tAvo  feet  long, — and  a  singular  musical 
sound  is  very  soon  produced.  By  partially  closing  the  tube  at  top,  or  by 
employing  various-sized  tubes,  a  great  variety  of  tones  may  be  produced. 

This  effect  is  not,  hoAA'^ever,  peculiar  to  hydrogen,  for  other  inflam- 
mable gases  also  produce  it,  but  none  in  such  perfection  as  hydrogen ; 
there  is  no  magic  in  the  matter,  for  it  simply  depends  on  the  infinite 
number  of  small  explosions  of  hydrogen  Avith  the  common  air,  and  these 
succeeding  each  other  Avith  vast  rapidity,  and  being  reverberated  by  the 
sides  of  the  tube,  combine  to  produce  a  musical  sound. 

If,  in  order  to  produce  a  musical  sound  by  the  combustion  of  hydro- 
gen, you  happen  to  hold  a  glass  tube  over  the  flame,  you  Avill  find  its 
interior  very  soon  covered  with  a  sort  of  mist  or  dew  ;  or  if  you  hold  a 
clean,  dry,  and  cold  bell-glass  over  it,  although  you  obtain  no  sound,  yet 
you  still  find  this  deposition  of  moisture  on  its  interior. 

I  have  now  to  point  out  to  you  the  cause  of  this  remarkable  ap- 
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pearance,  which  at  first  sight  you  would  naturally  enough  conclude  was 
referrible  either  to  the  dampness  of  the  glass,  or  to  some  steam  arising 
-from  the  effervescent  mixture  in  the  bottle  to  which  the  jet  is  attached. 
In  order  to  satisfy  you  that  the  appearance  of  the  moisture  is  not  acci- 
dental, it  may  be  Avorth  while  to  prepare  and  burn  some  perfectly  dry 
hydrogen ;  and  this  experiment  will  give  you  a  notion  of  the  way  in 
which  some  gases  are  desiccated. 

An'ange  a  little  apparatus  like  the  annexed 
figure.  Two  bottles,  each  fitted  with  a  cork,  perfo- 
rated so  as  to  allow  the  tube  from  a  to  pass  to  the 
bottom  of  B,  from  whose  cork  a  straight  tube  arises : 
a  piece  of  tobacco-pipe  will  answer  the  purpose,  or 
the  brass  tube  already  spoken  of.  Pour  some  strong 
sulphuric  acid  into  B,  so  that  the  end  of  the  bent- tube 
(which  should  be  of  copper  or  glass)  just  dips  be- 
neath it ;  you  can  easily  judge  how  much  will  be 
necessary  by  previous  a  outside  admeasurement ;  then  put  in  the 
cork,  and  make  it  fit  tight  with  melted  wax.  Into  a  put  the  zinc^ 
mater,  and  acid,  and  then  quickly  make  its  cork  tight  also.  Now 
you  will  observe  that  as  the  hydrogen  evolves  in  a,  the  bent-tube 
conducts  it  into  b,  and  as  it  bubbles  through  the  sulphuric  acid, 
should  any  steam  or  moisture  be  hurried  over  by  the  heat  of  the  effer- 
vescence, it  will  be  absorbed  and  arrested  by  the  acid,  which  is  exceed- 
ingly hygrometric,  and  has  a  strong  attraction  for  water ;  dry  hydrogen, 
therefore,  will  now  fill  b,  and  issue  from  the  jet,  and  when  you  judge 
that  all  the  common  air  is  expelled  from  both  bottles,  you  may  kindle 
the  hydrogen ;  hold  the  dry  bell-glass  over  its  flame,  you  will  observe 
that  although  the  gas  is  dried,  yet  its  flame  still  deposits  moisture  on  the 
interior  of  the  cold  glass.  The  reason  why  this  takes  place  is  as  follows. 
You  very  well  know  that  a  combustible  body  cannot  burn  without  some 
supporter  of  combustion  being  present, — that  a  candle  bums  in  air  because 
the  oxygen  of  the  air  supports  its  combustion ;  such  also  is  the  case  with 
hydrogeti;  its  flame  is  in  this  experiment  supported  by  the  oxygefi  of  the 
air ;  the  hydrogen  and  the  oxygen,  therefore,  have  a  mutual  affinity  for 
each  other ;  they  combine,  and,  however  strange  it  may  appear,  the  result 
of  the  combination  is  water.  This  is  an  excellent  instance  of  chemical 
affinity,  and  shows  you  in  a  most  striking  manner  how  completely  che- 
mistry is  a  science  of  experiment.  Who  would  imagine  that  rvater  con- 
sisted of  two  invisible  gases  ?  that  this,  however,  is  the  case,  has  been 
incontestibly  proved,  and  it  is  found  that  whenever  hydrogen  has  its 
flame  supported  by  oxygen,  nothing  but  water  is  the  product  of  he 
combustion. 

Then  what  is  the  product  of  the  combustion  of  a  candle,  a  lamp,  or 
a  fire?  Why  this  is  rather  more  complicated,  but  I  must  just  mention  it 
here,  for  I  think  you  will  understand  it.  The  wax  or  tallow  of  the 
candle,  the  oil  of  the  lamp,  and  the  coals  of  the  fire,  consist  of  hydrogen 
and  carbon,  both  combustible  bodies,  and  when  these  enter  into  combus- 
tion, the  hydrogen  unites  Avith  the  oxygen  to  produce  water,  and  the 
carbon  with  the  oxygen  to  produce  carbonic  acid, — so  that  when  you  say 
that  the  candle,  the  lamp,  or  the  fire  are  burnl  out,  you,  in  fact,  mean 


HYDROGEN.  3C9 

that  they  are  resolved  into  water  and  carbonic  acid.  Considering  the 
enormous  quantities  of  fuel  hourly  consumed,  either  for  the  sake  of  its 
heat  or  of  its  light,  you  may  very  naturally  put  the  question,  what  he- 
comes  of  all  the  water  and  carbonic  acid  ?  why  are  we  not  drenched  with 
showers  of  the  one,  or  suffocated  by  the  deleterious  vapour  of  the  other  ? 
For  this  reason, — because  air  has  the  remarkable  property  of  dissolving 
watery  vapour,  and  therefore  as  it  pours  into  the  air,  it  is  rapidly  wafted 
along  with  the  carbonic  acid,  and  so  diffused  throughout  the  enormous 
bulk  of  the  atmosphere,  that  we  never  find  any  inconvenient  accumula- 
tion of  these  products  of  combustion. 

To  show  that  water  is  produced  by  the  hydrogen  of  a  burning 
candle,  hold  a  cold  and  dry  bell-glass  over  it,  and  you  get  the  watery 
vapour  condensed  on  the  cold  surface  directly ;  now  close  the  mouth  of 
the  bell-glass  with  a  card  or  plate,  turn  the  mouth  uppermost ;  remove 
the  card,  and  quickly  pour  in  a  little  lime-water,  a  perfectly  clear  liquid, 
but  it  instantly  becomes  turbid  and  milky,  upon  meeting  with  the  con- 
tents of  the  jar ;  lime-water  is  a  test  of  carbonic  acid, — it  unites  with  it 
to  form  carbonate  of  lime  or  chalk,  which  is  the  cause  of  the  turbidness. 
Try  a  similar  experiment  with  the  flame  of  pure  hydrogefi, — ^you  only 
obtain  water,  and  the  lime-water  is  not  troubled. 

The  discovery  of  the  composition  of  water  was  made  by  the  cele- 
brated Mr.  Cavendish,  and  its  composition  is  now  universally  admitted 
to  be  oxygen  and  hydrogen,  in  the  proportions  by  weight  of  eight  parts 
of  oxygen  to  one  part  of  hydrogen  =  nine  parts  of  water  j  you  will  re- 
member that  eight  and  one  are  the  equivalents  of  oxygen  and  hydrogen, 
consequently  nine  is  the  equivalent  of  water.  Now  there  are  many  other 
experiments  that  I  might  adduce  which  would  show  you  the  composition 
of  water  synthetically,  but  they  require  more  manipulation  and  apparatus 
than  I  presume  you  are  yet  master  of;  I  shall,  therefore,  content  myself 
with  adducing  two  instructive  experiments  to  shoAV  its  decomposition,  or 
analysis.  The  materials  in  the  "  gas-bottle"  or  the  "  philosophical 
candle"  apparatus  present  you  with  the  first ;  there  you  have  zinc,  water, 
and  sulphuric  acid,  and  you  evolve  hydrogen, — but  why?  Because  the 
water  consists  of  oxygen  and  hydrogen ;  the  former  is  attracted  by  the 
zinc,  forming  oa;irfe  o/'zi«c,  with  which  the  sulphuric  acid  instantly  unites 
to  produce  sulphate  of  zinc,  whilst  the  hydrogen  escapes  in  the  gaseous 
form.  Its  source,  therefore,  is  the  water  which  the  zinc  is  enabled  to 
decompose  and  rob  of  its  oxygen  through  the  agency  of  the  sulphuric 
acid.  If  you  wait  till  all  the  effervescence  or  evolution  of  hydrogen 
ceases,  then  pour  off  the  clear  liquid  into  an  earthen  basin,  and  evapo- 
rate it  to  about  one-fourth  its  bulk,  upon  letting  it  cool,  you  will  obtain 
perfect  crystals  of  sulphate  of  zinc,  which  is  a  metallic  salt,  looking  very 
much  like  Epsom  salt,  but  is  violently  emetic  and  poisonous. 

There  are  other  metals  that  attract  oxygen  from  water,  simply  by 
coming  into  contact  with  it,  without  requiring  the  intervention  of  an 
acid  to  call  their  affinities  into  play.  Fotassitan  is  one  of  these  :  take  a 
globule  of  it  about  the  size  of  a  pea,  and  put  it  in  a  bit  of  glass  tube  ^bout 
half  an  inch  long,  closed  at  one  end.  Fill  a  bottle  or  jar  with  water,  and 
invert  it  on  the  shelf  of  the  pneumatic  trough,  hold  the  tube  containing 
the  potassium  between  the  finger  and  thumb,  so  that  its  aperture  may  be 
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closed,  and  then  plunge  it  beneath  the  mouth  of  the  bottle,  keeping  it 
closed  until  fairly  beneath  it ;  then  gently  withdraw  the  finger  so  as  to 
let  the  water  get  at  the  potassium, — you  will  instantly  find  a  copious  evo- 
lution of  gas  ensue,  which  will  rise  into  the  bottle :  it  looks  smoky  at 
first,  but  agitate  the  bottle  a  minute  or  so,  and  it  becomes  clear ;  then,  as 
usual,  test  it  with  a  lighted  taper,  it  inflames,  in  fact  it  is  pu7-e  hydrogen. 
The  oxygen  of  the  water  combining  with  the  potassium  to  produce  oxide 
of  potassium  or  poiassa,  hydrogen  is  evolved  and  thus  collected.  Potassa 
dissolves  in  the  remaining  water  of  the  bottle,  and  you  can  detect  it  by 
means  of  a  bit  of  turmeric  paper,  which  it  renders  brown,  because  it  is 
an  alkaline  oxide ;  and  now  that  you  are  convinced  of  the  evolution  of 
hydrogen,  you  can  throw  a  bit  of  potassium  on  a  very  little  water  in  a 
cup  or  glass ;  the  metal  jloals  on  the  water,  evolving  a  beautiful  rose- 
coloured  Jlame ;  and  the  water  being  in  smaller  quantity  than  in  the  bottle 
and  trough,  a  stronger  alkaline  efivect  is  now  manifest  on  the  test-paper, 
because  you  will  recollect  that  the  small  bit  of  potassium  only  decom- 
poses a  very  little  of  the  water,  leaving  much  undecomposed,  and 
capable  of  dissolving  the  potassa;  but  of  course,  if  you  put  a  globule  of 
potassium,  the  size  of  a  nut,  into  a  few  drops  of  water,  it  would  all  be 
decomposed,  and  the  potassa  be  left  in  a  solid  state.  The  rose-coloured 
flame  in  this  experiment  is  due  to  a  little  of  the  potassium  combining 
with  the  nascent  hydrogen,  forming  potassiuretted  hydrogen,  which  in- 
flames by  the  violent  heat  of  the  chemical  action  produced  by  the  attrac- 
tion of  the  oxygen  for  the  principal  part  of  the  potassium.  When  you 
made  the  experiment  under  water  instead  of  upon  water,  there  was 
simply  decomposition  of  the  fluid,  and  no  combustion  of  the  nascent 
hydrogen,  because  no  oxygen  was  there _/ree  to  support  it. 

In  these  experiments  you  will  remark  that  we  have  only  succeeded 
in  evolving  the  hydrogen  of  the  water  in  Q,free  state,  the  oxygen  having 
entered  into  combination  with  the  zinc  or  potassium  ;  and  in  all  similar 
cases  of  the  decomposition  of  water  by  metals,  the  oxygen  is  never 
evolved  in  a  free  state ;  if  you  wish  to  obtain  both  gases  from  water,  you 
must  decompose  it  by  voltaic  electricity  ;  and  the  manipulations  necessary 
for  this  experiment,  as  well  as  for  the  determination  of  some  other  facts 
connected  with  the  history  of  hydrogen,  and  especially  its  combination 
with  chlorine,  forming  muriatic  acid,  will  form  the  materials  of  my  next 
discussion. 
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THE   PREVENTION   AND    DETECTION    OF  SECRET  AND 

ACCIDENTAL  POISONING;    PARTICULARLY 

WITH  ARSENIC, 

One  of  the  most  beneficial  victories  of  practical  science  is  that  by 
which  the  subtle  and  invisible  agents  which  may  have  been  used  in  the 
secret  destruction  of  human  life,  are  detected,  seized,  and  exhibited. 
No  matter  how  minute  the  atom,  how  mingled,  how  dissolved,  the  sa- 
gacity and  skill  of  the  modern  chemist  ascertains  its  presence,  separates 
it  from  all  possible  combinations,  fixes  and  exposes  it,  "palpable  to 
sense." 

Too  much  notoriety  cannot  be  given  to  this  truth.  "Were  the  pub- 
lic-spirited vicar  of  Hatton  living*,  he  would  have  felt  it  his  duty  to 
have  promulgated  it  from  the  pulpit.  The  use  of  poisons,  in  this 
country  at  least,  is  now  confined  to  the  most "  ignorant  classes  ;  and  if 
the  knowledge  under  consideration  were  thoroughly  disseminated 
amongst  them,  almost  the  only  motive  to  this  species  of  murder  would 
be  taken  away.  A  conviction  of  this  truth  has  recently  influenced  the 
Society  of  Arts,  and  induced  them  to  depart  from  the  avaricious  prin- 
ciple of  hoarding  up  the  scientific  treasures  which  may  have  been 
intrusted  to  them  until  they  can  be  published,  either  for  emolument 
or  vanityt. 

In  the  early  part  of  this  year,  a  paper  was  presented  to  this  Society, 
by  Mr.  James  Marsh,  of  the  Royal  Arsenal,  Woolwich,  descriptive  of 
A  Method  of  separating  small  Quantities  of  Arsenic,  from  Substa?ices 
with  which  it  may  have  been  mixed.  The  merit  of  this  paper  was  esti- 
mated so  highly,  that  the  large  gold  medal  of  the  Society  was  awarded 
to  the  author :  and  further,  so  admirable  was  the  simplicity  and  efficacy 
of  the  process,  so  little  the  preparation  and  cost  of  apparatus  necessary 
to  make  a  most  exquisite  analysis,  and  so  important  to  the  public  interest 
was  the  object  of  the  process,  that  the  Society  ordered  the  instant  pub- 
lication of  the  paper,  instead  of  imprisoning  it  in  the  pigeon-holes  of  the 
secretary,  until  the  next  succeeding  volume  could  be  published.  Equally 
impressed  with  the  importance  and  excellence  of  the  process  of  Mr. 
Marsh,  we  propose  to  follow  up  this  philanthropic  intention  of  the 
Society  of  Arts,  and  to  present  it  to  our  readers,  satisfied  that  they 
will  be  struck  with  the  beauty  of  this  ingenious  and  practical  application 
of  chemical  science.     Mr.  Marsh  introduces  the  subject  by  stating  that : — 

"  Notwithstanding  the  improved  methods  that  have  of  late  been 
invented  of  detecting  the  presence  of  small  quantities  of  arsenic  in  the 
food,  in  the  contents  of  the  stomach,  and  mixed  with  various  other  animal 
and  vegetable  matters,  a  process  was  still  wanting  for  separating  it  expe- 


"  The  late  Dr.  Parr.  It  was  in  his 
ehurch,  after  morning  service,  that  he  an- 
nounced and  exhibited  to  his  parishioners, 
Dr.  Carmichael  Smyth's  celebrated  mode 
of  preventing  and  destroying  contagion. 


■)-  It  is  this  principle  which  has  dictated 
the  notice  or  request  distributed  by  the 
Royal  Society,  with  the  copies  which  are 
granted  to  a  contributor  of  his  own  paper. 
Several  other  Societies  in  London  are  simi- 
larly costive. 
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ditiously  and  commodlously,  and  presenting  it  in  a  pure  unequivocal  form 
for  examination  by  the  appropriate  tests.  Such  a  process  should  be 
capable  of  detecting  arsenic,  not  only  in  its  usual  state  of  white  arsenic, 
or  arsenious  acid,  but  likewise  in  that  of  arsenic  acid,  and  of  all  the  com- 
pound salts  formed  by  the  union  of  either  of  these  acids  with  alkaline 
substances.  It  ought,  also,  to  exhibit  the  arsenic  in  its  reguline  or  me- 
tallic state,  free  from  the  ambiguity  which  is  sometimes  caused  by  the 
use  of  carbonaceous  reducing  fluxes.  It  appeared  to  me,  that  these  ob- 
jects might  be  attained  by  presenting  to  the  arsenic  hydrogen  gas  in  its 
nascent  state:  the  first  action  of  which  would  be  to  deoxygenate  the 
arsenic;  and  the  next,  to  combine  with  the  arsenic,  thus  deoxygenated, 
into  the  well-known  gas  called  arsenurctted  hydrogen.  Being  thus 
brought  to  the  gaseous  state,  the  arsenic  would  spontaneously  (so  to  speak) 
separate  itself  from  the  liquor  in  which  it  was  before  dissolved,  and  might 
be  collected  for  examination  by  means  of  any  common  gas-apparatus; 
thus  avoiding  the  trouble,  difficulty,  and  ambiguity  of  clarification  and 
other  processes  whereby  liquors,  suspected  of  containing  arsenic,  are  pre- 
pared for  the  exhibition  of  the  usual  tests,  or  of  evaporation  and  deflagra- 
tion, which  are  sometimes  had  recourse  to  in  order  to  separate  the  arsenic 
from  the  organic  substances  with  which  it  may  have  been  mixed. 

"  I  had  the  satisfaction  of  finding,  on  trial,  that  my  anticipations 
were  realized ;  and  that  I  was  thus  able,  not  only  to  separate  very  minute 
quantities  of  arsenic  from  gruel,  soup,  porter,  coffee,  and  other  alimentary 
liquors,  but  that,  by  continuing  the  process  a  sufficient  length  of  time,  I 
could  eliminate  the  whole  of  the  arsenic  in  the  state  of  arsenurctted 
hydrogen,  either  pure  or,  at  most,  only  mixed  with  an  excess  of 
hydrogen. 

"  If  this  gas  be  set  fire  to  as  it  issues  from  the  end  of  a  jet  of  fine 
bore  into  the  common  air,  the  hydrogen,  as  the  more  combustible  ingre- 
dient, will  burn  first,  and  will  produce  aqueous  vapour,  while  the  arsenic 
will  be  deposited  either  in  the  metallic  state,  or  in  that  of  arsenious  acid, 
according  as  it  is  exposed  partially  or  freely  to  the  air.  The  former  con- 
dition is  brought  about  by  holding  a  piece  of  cold  window-glass  opposite 
to  and  in  contact  with  the  flame,  when  a  thin  metallic  film  mil  be  imme- 
diately deposited  on  its  surface;  and  the  latter,  by  receiving  the  flame 
within  a  glass  tube  open  at  both  ends,  which,  in  half  a  minute,  will  be 
found  to  be  dimmed  by  a  white  pulverulent  sublimate  of  arsenious  acid. 
By  directing  the  flame  obliquely  within  side  of  the  tube,  it  strikes  against 
the  glass  and  deposits  the  arsenic  partly  in  the  metallic  state.  In  this 
case,  if  the  tube,  while  still  warm,  be  held  to  the  nose,  that  peculiar  odour, 
somewhat  resembling  garlic,  which  is  one  of  the  characteristic  tests  of 
arsenic,  will  be  perceived.  Arsenurctted  hydrogen  itself  has  precisely 
the  same  odour,  but  considerable  caution  should  be  used  in  smelling  to  it, 
as  every  cubic  inch  contains  about  a  quarter  of  a  grain  of  arsenic. 

"  The  requisite  apparatus  is  as  simple  as  possible ;  being  a  glass  tube 
open  at  both  ends,  and  about  three  quarters  of  an  inch  in  its  internal 
diameter.  It  is  bent  into  the  form  of  a  siphon  (a«,  fig.  1),  the  shorter 
leg'being  about  five  inches,  and  the  longer  about  eight  inches  in  length. 
A  stop-cock  6,  ending  in  a  jet  of  fine  bore,  passes  tightly  through  a 
hole  made   in  the  axis  of  a  soft  and    sound  cork,  which  fits  air-tight 
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into  the  opening  of  the  lower 
bend  of  the  tube,  and  may  be 
further  secured,  if  requisite,  by 
a  little  common  turpentine  lute. 
To  fix  the  apparatus  when  in 
use,  in  an  upright  position,  a 
hole  is  made  in  the  wooden 
block  c  for  the  reception  of 
the  lower  part  of  the  pillar  </, 
and  a  groove  is  cut  in  the  top 
of  the  same  block,  to  receive  the 
bend  of  the  tube  a  a.  Two 
elastic  shps  e  e,  cut  from  the 
neck  of  a  common  bottle  of 
India  rubber,  keep  the  tube 
firm  in  its  place. 

"  The  matter  to  be  submitted 
to  examination,  and  supposed  to 
contain  arsenic,  if  not  in  the 
fluid  state,  such  as  pastry,  pud- 
ding, or  bread,  &c.,  must  be 
boiled  with  two  or  three  fluid  ounces  of  clean  water,  for  a  sufiicient 
length  of  time. 

"  The  mixture  so  obtained  must  then  be  thrown  on  a  filter  to  separate 
the  more  solid  parts:  thick  soup,  or  the  contents  of  the  stomach,  may  be 
diluted  with  water  and  also  filtered;  but  water-gruel,  wine,  spirits,  or  any 
kind  of  malt  liquor  and  such  like,  or  tea,  coffee,  cocoa,  &c.,  can  be 
operated  on  without  any  previous  process. 

"  When  the  apparatus  is  to  be  used,  a  bit  of  glass  rod,  about  an  inch 
long,  is  to  be  dropped  into  the  shorter  leg,  and  this  is  to  be  followed  by  a 
piece  of  clean  sheet  zinc,  about  an  inch  and  a  half  long  and  half  an  inch 
wide,  bent  double,  so  that  it  will  run  down  the  tube  till  it  is  stopped  by 
the  piece  of  glass  rod  first  put  in.  The  stop-cock  and  jet  are  now  to  be 
inserted,  and  the  handle  is  to  be  turned  so  as  to  leave  the  cock  open. 
The  fluid  to  be  examined,  having  been  previously  mixed  mth  from  a 
drachm  and  a  half  to  three  drachms  of  dilute  sulphuric  acid  (1  acid  and 
7  water),  is  to  be  poured  into  the  long  leg,  till  it  stands  in  the  short 
one  about  a  quarter  of  an  inch  below  the  bottom  of  the  cork.  Bub- 
bles of  gas  will  soon  be  seen  to  rise  from  the  zinc,  which  are  pure 
hydrogen  if  no  arsenic  be  present;  but,  if  the  liquor  holds  arsenic  in  any 
form  in  solution,  the  gas  will  be  arsenuretted  hydrogen.  The  first  por- 
tions are  to  be  allowed  to  escape,  in  order  that  they  may  carry  with  them 
the  small  quantity  of  common  air  left  in  the  apparatus;  after  which  the 
cock  is  to  be  closed,  and  the  gas  will  be  found  to  accumulate  in  the  shorter 
leg,  driving  the  fluid  up  the  longer  one,  till  the  liquor  has  descended  in 
the  short  leg  below  the  piece  of  zinc,  when  all  further  production  of  gas 
will  cease.  There  is  thus  obtained  a  portion  of  gas  subject  to  the  pres- 
sure of  a  column  of  fluid  of  from  seven  to  eight  inches  high:  when,  there- 
fore, the  stop-cock  is  opened,  the  gas  will  be  propelled  with  some  force 
through  the  jet,  and,  on  igniting  it  as  it  issues  (which  must  be  done 
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quickly  by  an  assistant),  and  then  holding  horizontally  a  piece  of  crown 
or  window-glass  (f,  fig.  1 )  over  it,  in  such  a  manner  as  to  retard  slightly 
the  combustion,  the  arsenic  (if  any  be  present)  will  be  found  deposited  in 
the  metallic  state  on  the  glass;  the  oxygen  of  the  atmosphere  being  em- 
ployed in  oxydizing  the  hydrogen  only  during  the  process.  If  no  arsenic 
be  present,  then  the  jet  of  the  flame  as  it  issues  has  a  very  different 
appearance;  and,  although  the  glass  becomes  dulled  in  the  first  instance 
by  the  deposition  of  the  newly-formed  Avater,  yet  such  is  the  heat  pro- 
duced, that  in  a  few  seconds  it  becomes  perfectly  clear,  and  frequently 
flies  to  pieces. 

"  If  the  object  be  to  obtain  the  arsenic  in  the  form  of  arsenious  acid, 
or  white  arsenic,  then  a  glass  tube,  from  a  quarter  to  half  an  inch  in  dia- 
meter (or  according  to  the  size  of  the  jet  of  flame),  and  eight  or  ten  inches 
in  length,  is  to  be  held  vertically  over  the  burning  jet  of  gas,  in  such  a 
manner  that  the  gas  may  undergo  perfect  combustion,  and  that  the  arsenic 
combined  with  it  may  become  sufficiently  oxydized;  the  tube  Avill  thus, 
with  proper  care,  become  lined  with  arsenious  acid  in  proportion  to  the 
quantity  originally  contained  in  the  mixture. 

"  When  the  glass  tube  is  held  at  an  angle  of  about  forty-five  degrees 
over  the  jet  of  flame,  three  very  good  indications  of  the  presence  of  arsenic 
may  be  obtained  at  one  operation;  viz.,  metallic  arsenic  will  be  found 
deposited  in  the  tube  at  the  part  nearest  where  the  flame  impinges, — 
white  arsenic  or  arsenious  acid  at  a  short  distance  from  it, — and  the  garlic 
smell  can  be  readily  detected  at  either  end  of  the  tube  in  which  the 
experiment  has  been  made, 

"  As  the  gas  produced  during  the  operation  is  consumed,  the  acid 
mixture  falls  into  the  short  limb  of  the  tube,  and  is  thus  again  brought 
into  contact  with  the  zinc,  in  consequence  of  which  a  fresh  supply  is  soon 
obtained.  Tbis  gas,  if  submitted  to  either  of  the  processes  before 
described,  will  give  fresh  indications  of  the  presence  of  the  arsenic  which 
the  mixture  may  have  originally  contained ;  and  it  will  be  easily  per- 
ceived that  the  process  may  be  repeated  as  often  as  may  be  required,  at 
the  will  of  the  operator,  till  no  further  proofs  can  be  obtained. 

"  When  certain  mixed  or  compound  liquors  are  operated  on  in  this 
apparatus,  a  great  quantity  of  froth  is  thrown  up  into  the  tube,  which 
may  cause  a  little  embarrassment  by  choking  the  jet.  I  have  found  this 
efiect  to  take  place  most  with  the  contents  of  the  stomach,  with  wine, 
porter,  tea,  coff"ee,  or  soup,  and,  indeed,  with  all  mucilaginous  and  albu- 
minous mixtures.  The  means  I  adopt  to  prevent  this  effect  from  taking 
place,  or,  at  least,  for  checking  it  in  a  great  measure,  is  to  grease  or  oil 
the  interior  of  the  short  limb  of  the  apparatus  before  introducing  the  sub- 
stance to  be  examined,  or  to  put  a  few  drops  of  alcohol  or  sweet-oil  on  its 
surface  previously  to  introducing  the  stop-cock  and  its  appendages.  I 
have,  however,  found,  if  the  tube  be  ever  so  full  of  froth  in  the  first 
instance,  that,  in  an  hour  or  two,  if  left  to  itself,  the  bubbles  burst,  and 
the  interior  of  the  tube  becomes  clear  without  at  all  affecting  the 
results. 

"  In  cases  where  only  a  small  quantity  of  the  matter  to  be  examined 
can  be  obtained,  I  have  found  a  great  convenience  in  using  the  small 
glass  bucket  {g,  fig.  2).     Under  such  circumstances,  the  bent  glass  tube 
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may  be  filled  up  to  within  an  inch  of  the  short  end  with  common  water, 
so  as  to  allow  room  for  the  glass  bucket,  which  must  be  attached  to  the 
cork,  &c.  by  means  of  a  little  platina  wire ;  a  bit  or  two  of  zinc  is  to  be 
dropped  into  the  bucket,  with  a  small  portion  of  the  matter  to  be 
examined,  and  three  or  four  drops  of  diluted  sulphuric  acid  (acid  2, 
water  14);  and  the  whole  is  then  to  be  introduced  into  the  mouth  of  the 
short  limb  of  the  tube.  The  production  of  gas  under  this  arrangement  is 
much  slower,  and,  of  course,  requires  more  time  to  fill  the  tube,  than  in 
the  former  case;  but  the  mode  of  operating  is  precisely  the  same. 
Indeed,  it  is  of  great  advantage,  when  the  quantity  of  arsenic  present  is 
very  minute,  not  to  allow  the  hydrogen  to  be  evolved  too  quickly,  in 
order  to  give  it  time  to  take  up  the  arsenic. 

"  A  slender  glass  funnel  will  be  found  of  service  when  as  much  as  a 
table-spoonful,  or  even  a  tea-spoonful,  of  matter  can  be  obtained  for 
examination.  In  this  case,  the  tube  is  to  be  partly  filled  with  common 
water,  leaving  a  sufficient  space  for  the  substance  to  be  examined ;  a 
piece  of  zinc  is  to  be  suspended  from  the  cork  by  a  thread  or  wire,  so  as 
to  hang  in  the  axis  of  the  tube ;  and  the  fluid  to  be  operated  on,  having 
previously  been  mixed  with  dilute  sulphuric  acid,  is  then  to  be  poured 
through  the  funnel  carefully,  so  as  to  surround  the  zinc,  avoiding,  as  far 
as  possible,  to  mix  it  with  the  Avater  below,  and  the  stop-cock  and  its 
appendages  are  to  be  replaced  in  the  mouth  of  the  tube ;  the  production 
of  the  gas  then  goes  on  as  before  stated,  and  the  mode  of  manipulating 
with  it  is  exactly  the  same  as  described  in  the  foregoing  part  of  this 
paper. 

"  It  will  be  necessary  for  me,  in  this  place,  to  explain  the  methods 
I  employ  after  each  operation,  to  determine  the  integrity  of  the  instru- 
ment, so  as  to  satisfy  myself  that  no  arsenic  remains  adhering  to  the 
inside  of  the  tube,  or  to  the  cork  and  its  appendages,  before  I  employ  it 
for  another  operation. 

"  After  washing  the  apparatus  with  clean  water,  a  piece  of  zinc 
may  be  dropped  in,  and  the  tube  filled  to  within  half  an  inch  of  the  top 
of  the  short  limb;  two  drachms  of  diluted  sulphuric  acid  are  then  poured 
in,  and  the  stop-cock  and  cork  secured  in  its  place;  hydrogen  gas  mil  in 
this  case,  as  before,  be  Uberated,  and  fill  the  tube.  If  the  gas  as  it  issues 
from  the  jet  be  then  inflamed,  and  a  piece  of  window- glass  held  over  it 
as  before  described,  and  any  arsenic  remains,  it 
will  be  rendered  evident  by  being  deposited  on 
the  glass;  if  so,  this  operation  must  be  repeated 
tiU  the  glass  remains  perfectly  clean,  after  having 
been  exposed  to  the  action  of  the  gas. 

"When  I  have  had  an  opportunity  of  working 
with  so  large  a  quantity  of  mixture  as  from  two 
to  four  pints  (imperial  measure),  I  then  have 
employed  the  instrument  (fig.  3),  which  is,  indeed, 
but  a  slight  modification  of  one  of  the  instan- 
taneous light  apparatuses,  now  so  well  known 
and  used  for  obtaining  fire  by  the  aid  of  a 
stream  of  hydrogen  gas  thrown  on  spongy  plati- 
num.     It  will,  therefore,  be  of  importance  only 
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for  me  to  describe  the  alteration  which  I  make  when  I  employ  it 
for  the  purpose  of  detecting  arsenic.  In  the  first  place,  I  must  observe, 
that  the  outer  vessel  a,  which  I  use,  holds  full  four  pints,  and  that 
the  jet  of  the  stop-cock  is  vertical,  and  its  orifice  is  twice  or  three  times 
larger  than  in  the  instrument  as  generally  made  for  sale,  and  also  that 
there  is  a  thread  or  wire  attached  to  the  cork  of  the  stop-cock  6,  for 
suspending  a  piece  of  zinc  c,  within  the  bell-glass. 

"  With  an  instrument  of  this  description  I  have  operated  on  one 
grain  of  arsenic  in  twenty-eight  thousand  grains  of  water  (or  four  imperial 
pints),  and^have  obtained,  therefrom,  upwards  of  one  hundred  distinct 
metallic  arsenical  crusts. 

"  Similar  results  have  been  obtained  with  perfect  success  from  three 
pints  of  very  thick  soup,  the  same  c[uantity  of  port  wine,  porter,  gruel, 
tea,  coffee,  &c.  &c. 

"  It  must,  however,  be  understood,  that  the  process  was  allowed  to 
proceed  but  slowly,  and  that  it  required  several  days  before  the  mixture 
used  ceased  to  give  indication  of  the  presence  of  arsenic,  and  also,  a 
much  larger  portion  of  zinc  and  sulphuric  acid  was  employed  from  time 
to  time,  than  Avhen  working  with  the  small  bent  tube  apparatus,  in  con- 
sequence of  the  large  quantity  of  matter  operated  on  under  this  arrange- 
ment. 

"  With  the  small  apparatus,  I  have  obtained  distinct  metallic  crusts, 
when  operating  on  so  small  a  quantity  as  one  drop  of  Fowler's  solution 
of  arsenic,  which  only  contains  I -120th  part  of  a  grain. 

"  The  presence  of  arsenic  in  artificial  orpiment  and  realgar,  in 
Scheele's  green,  and  in  the  sulphuret  of  antimony,  may  be  readily  shown 
by  this  process,  when  not  more  than  half  a  grain  of  any  of  those  com- 
pounds is  employed. 

"  In  conclusion,  I  beg  to  remark,  that  although  the  instruments  I 
have  now  finished  describing,  are  the  form  I  prefer  to  all  that  I  have 
employed,  yet  it  must  be  perfectly  evident  to  any  one,  that  many  very 
simple  arrangements  might  be  contrived.  Indeed,  I  may  say  unequivo- 
cally, that  there  is  no  town  or  village  in  which  sulphuric  acid  and  zinc 
can  be  obtained,  but  every  house  would  furnish  to  the  ingenious  experi- 
mentalist ample  means  for  his  purpose;  for,  a  two-ounce  phial,  with 
a  cork  and  piece  of  tobacco-pipe,  or  a  bladder,  with  the  same  arrange- 
ment fixed  to  its  mouth,  might,  in  cases  of  extreme  necessity,  be 
employed  with  success,  as  I  have  repeatedly  done  for  this  purpose. 

"  The  only  ambiguity  that  can  possibly  arise  in  the  mode  of  operating 
above  described,  arises  from  the  circumstance,  that  some  samples  of  the 
zinc  of  commerce  themselves  contain  arsenic;  and  such,  when  acted  on 
by  dilute  sulphuric  acid  give  out  arsenuretted  hydrogen.  It  is,  therefore, 
necessary  for  the  operator  to  be  certain  of  the  purity  of  the  zinc  which 
he  employs,  and  this  is  easily  done  by  putting  a  bit  of  it  into  the 
apparatus,  with  only  some  dilute  sulphuric  acid ;  the  gas  thus  obtained 
is  to  be  set  fire  to  as  it  issues  from  the  jet ;  and  if  no  metallic  film  is 
deposited  on  the  bit  of  flat  glass,  and  no  white  sublimate  within  the 
open  tube,  the  zinc  may  be  regarded  as  in  a  fit  state  for  use." 

During  the  Bristol  Session  of  the  British  Association,  the  subject  of 
arsenical  poisons  was  brought  before  the  Chemical  Section  by  Mr.  W.  Hera- 
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path,  of  that  city.  The  elaborate  paper  read  by  this  gentleman  was 
remarkable  for  the  display  of  information,  acute  perception,  and  decisive 
experiment.  As  Mr.  Herapath  was  acquainted  with  the  process  of  JMr. 
Marsh,  he  describes  it  to  be  "  one  of  the  most  elegant  that  can  be  con- 
ceived ;  at  the  same  time  that  it  is  one  of  the  most  sensitive."  When 
we  consider  the  time,  the  place,  the  speaker,  and  the  audience  he  was 
addressing,  it  is  scarcely  possible  to  imagine  a  higher  or  more  gratifying 
eulogium.  Many  of  Mr.  Herapath's  own  remarks  were  too  valuable  not 
to  be  preserved.     Among  others  he  observed  that : — 

Arsenical  poisons  are  obtained  with  so  much  facility,  and  their 
operation  is  so  deadly,  that  they  are  the  principal  means  resorted  to  by 
secret  poisoners.  It  becomes,  therefore,  essential  to  the  safety  of  the 
community,  that  every  new  fact  relating  to  their  administration,  opei- 
ration,  or  detection,  should  be  made  known.  Few,  if  any  well-authen- 
ticated cases  have  been  published  in  which  death  was  occasioned  by 
realgar,  or  red  arsenic,  but  the  Burdock  case  was  one  of  this  kind.  It 
will,  perhaps,  be  remembered  that  the  victim,  Mrs.  Smith,  had  been 
buried  fourteen  months ;  that  upon  exhumation  orpiment  was  found  in 
the  stomach,  and  the  body  was  partly  converted  into  adipocere*.  In 
prosecuting  his  experiments  in  this  case,  he  conceived  the  idea  of  identi- 
fying the  poison  found  with  that  sold  to  the  witness  Evans,  by  Hobbs,  the 
druggist,  by  means  of  an  impurity  he  discovered  in  the  poison  of  the 
stomach.  With  this  view  he  purchased  some  out  of  the  same  box,  and 
requested  that  it  might  be  of  the  same  kind  as  that  sold  the  prisoner's 
agent.  It  then  transpired  that  the  box  contained  three  different  sub- 
stances mixed  together:  white,  yellow,  and  red  arsenic;  the  two  former 
in  small  lumps,  the  latter  in  powder;  and  that  it  was  the  poAvder  of 
realgar  only  which  had  been  administered,  although  it  was  undoubtedly 
found  as  yellow  orpiment  in  the  exhumed  body.  In  tracing  the  possi- 
bility of  change,  he  found  that  two  agents, — sulphuretted  hydrogen  and 
ammonia,  would  either  of  them,  convert  realgar  into  orpiment.  Now,  as  it 
was  well  known,  that  both  of  these  gases  were  evolved  during  putrid  de- 
composition, there  could  be  no  difficulty  in  accounting  for  the  change 
of  colour.  But  to  place  the  matter  beyond  all  doubt,  he  made  a  direct 
experiment  by  poisoning  au  animal  with  realgar,  and  found  that  after 
putrefaction  it  became  changed,  as  in  the  case  of  Mrs.  Smith.  It  would, 
perhaps,  be  recollected,  that  the  conviction  of  the  prisoner  was  mainly 
owing  to  the  evidence  of  a  little  girl,  who  deposed  that  she  saAV  Mrs. 
Burdock  put  a  powder  into  some  gruel,  and  afterwards  administer  it  to 
Mrs.  Smith.  At  the  time  considerable  doubt  was  entertained  of  the 
truth  of  her  evidence,  from  its  being  invariably  precise,  even  to  a  word ; 
and  also  from  the  difficulty  of  believing  that  any  person  would  be  found 
so  fool-hardy  as  to  mix  and  administer  poison  before  a  child,  and  that 
child  a  stranger.  But  what  he  had  stated,  proved  to  demonstration  that 
her  evidence  was  correct,  for  she  said  the  gruel  given  "  was  of  a  nasty 
7'ed  colour;"  a  colour  she  could  not  have  had  an  idea  of,  unless  she  had 
seen  it,  as  nothing  had  transpired  of  red  arsenic;  and  had  she  invented  a 
tale  to  account  for  the  appearance  of  the  body,  or  had  she  spoken  from 

*  Adipocere :  animal  matter  converted  spontaneously  into  a  substance  considerably 
resembling  spermaceti. 
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what  she  had  heard  from  others,  she  would  have  deposed  to  its  being  of 
a  yellow  colour. 

From  what  had  occurred,  therefore,  it  was  clear,  that  the  realgar  of 
the  shops  would  cause  death.  That  half  an  ounce,  given  at  twice  (by  the 
prisoner's  confession),  was  sufficient  for  that  purpose.  That  realgar 
became  orpiment  during  putrefaction.  That  realgar,  like  arsenious  acid, 
had  a  tendency  to  control  putrefaction,  and  convert  bodies  into  adipocerc. 
During  the  experiments  upon  this  case,  he  found  that  the  microscopic 
system  of  testing,  which  was  first  introduced  by  Dr.  Wollaston,  and 
which  he  (Mr.  H.)  constantly  followed,  could  be  made  to  improve  the 
very  beautiful  reducing  process  proposed  by  Dr.  Christison ;  and  also 
furnished  an  excellent  method  of  proving  to  the  jury  the  presence  of 
arsenic.  He  would  suppose  that  the  whole  of  the  organic  matter  had 
been  decomposed,  as  he  did  it,  in  boiling  nitro-muriatic  acid;  that  potash 
had  been  added  in  excess  to  prevent  the  injurious  effects  of  mineral  acid 
upon  sulphuretted  hydrogen;  and  that  then  a  slight  excess  of  acetic  acid 
had  been  poured  in,  and  the  sulphuret  of  arsenic  precipitated ;  if  this  were 
reduced  to  the  metallic  state  in  Berzelius's  tube,  and  then  oxidized,  as 
recommended  by  Christison,  it  was  in  the  state  in  which,  in  subsequent  ex- 
periments, his  modification  of  Dr.  Wollaston's  practice  was  beneficial. 
Instead  of  putting  the  few  drops  of  solution  of  arsenious  acid,  thus  obtained, 
into  test-tubes  to  apply  the  re-agents,  he  used  a  china  tablet,  and  having 
applied  a  drop  of  the  solution,  and  then  a  little  ammoniacal  sulphate  of 
copper,  the  green  of  Scheele  became  evident,  from  the  contrast  of  colour 
with  the  white  plate ;  but  even  that  might  be  improved  by  guiding  the 
coloured  drop  by  means  of  a  glass  rod  down  upon  a  piece  of  white 
blotting-paper,  previously  placed  on  a  flat  chalk-stone,  which,  by  absorb- 
ing the  solution,  removed  any  excess  of  the  blue  re-agent,  which  was 
always  liable  to  overpower  the  colour  of  Scheele's  green,  while  it  left  the 
latter  on  the  paper;  when  dried  it  could  be  introduced,  as  he  usually 
did  it,  into  a  sealed  tube,  which  could  be  marked  with  a  diamond 
in  the  hand- writing  of  the  experimenter,  ready  for  identification  before 
a  jury.  He  felt  satisfied  that  J -10,000th  of  a  grain  of  arsenious  acid 
might  be  rendered  evident  by  this  means.  The  other  two  re-agents, 
ammoniacal  nitrate  of  silver  and  sulphuretted  hydrogen,  could  be  applied 
upon  the  plate  in  the  same  way,  and  when  dried  could  be  similarly 
enclosed.  In  all  cases  where  a  highly  oxygenating  process  was  followed, — 
for  instance,  where  the  mixture  was  boiled  in  nitro-muriatic  acid,  or 
where  deflagration  wdth  nitre  was  practised, — the  arsenical  compound  was 
converted  into  arsenic  acid,  and  in  passing  sulphuretted  hydrogen  (after 
the  usual  precautions),  the  first  portion  of  the  gas  was  decomposed  by 
giving  hydrogen  to  the  oxygen  of  the  arsenic  acid ;  consequently  sulphur 
fell  mixed  with  sulphuret  of  arsenic,  but  so  extremely  light  that  it  took 
some  hours  to  deposit;  after  which  the  mixed  deposit  could  be  collected 
together,  and,  upon  reducing  it  to  metallic  arsenic,  the  sulphur  would 
be  separated :  for,  from  being  more  volatile,  it  was  found  above  the  crust 
of  metal,  and  in  the  oxidizing  operation  it  formed  sulphurous  acid,  and 
disappeared  while  the  arsenious  acid  condensed. 

It  sometimes  happened  that  arsenic  was  contained  in  substances 
which  prevented  the  ordinary  processes  from  being  followed;  for  instance, 
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in  the  case  of  Sophia  Edney,  who  Avas  convicted  at  the  March  assizes,  at 
Taunton,  of  poisoning  her  husband.  He  had  found  about  one-eighth  of 
a  grain  in  the  duodenum  (the  contents  of  the  stomach  had  been  thrown 
away  by  the  surgeon  who  examined  the  body,  under  the  belief  that  an 
ulcer  found  in  the  stomach  was  sufficient  to  account  for  death) :  the  only 
other  matters  brought  to  him  for  examination  were  a  few  grains  of  bacon 
fat  scraped  from  the  bottom  of  a  frying-pan.  In  the  fat  he  could  find  no 
arsenic,  and  the  potato  being  an  amylaceous*  substance  it  was  in  vain  to 
try  the  usual  re-agents,  or  to  make  a  filtered  solution.  He  therefore  pro- 
jected it  into  melted  nitre;  when  it  was  deflagrated,  diluted  acetic  acid 
was  added  until  the  carbonate  of  potash,  proceeding  from  the  deflagration, 
was  supersaturated.  Sulphuretted  hydrogen  turned  it  yellow,  and  upon 
deposition  and  subsequent  treatment  in  the  way  he  had  alluded  to  befpre, 
he  obtained  enough  to  take  to  a  jury  specimens  of  the  reduced  metal  of 
arsenious  acid ;  Scheele's  green,  arsenite  of  silver,  and  orpiment,  were  made 
from  it,  although  he  felt  satisfied  that  the  reduced  arsenic  was  not  more 
than  1-lOOth  of  a  grain.  It  had  been  said  by  the  dying  man  that  his 
wife  had  fried  potatoes  in  this  pan  for  him,  and  he  had  not  been  well 
since.  The  prisoner's  witness  proved  that  the  pan  had  subsequently  been 
wiped  and  used  to  fry  bacon,  which  had  been  eaten  with  impunity  by  two 
parsons,  exclusive  of  the  prisoner,  Who  had  herself  "  eaten  a  bit  as  big  as 
a  nut;"  yet,  enough  had  been  left  adhering  to  the  pan  to  prove  her  guilt, 
which  her  confession  ultimately  acknowledged. 

Although  nitre  afibrded  an  excellent  means  of  removing  all  organic 
matter,  and  thus  leaving  the  operator  free  from  all  embarrassment,  yet 
it  could  not  be  depended  on  for  a  quantitative  analysis,  as  a  certain 
proportion  is  volatilized  during  the  process ;  this  loss  might  be  reduced 
by  putting  a  little  nitre  in  the  solution  before  evaporating  to  drvness. 

The  recent  plan  of  discovering  arsenious  acid,  by  converting  it  into 
arsenuretted  hydrogen,  and  deposing  the  arsenical  crust  during  its  com- 
bustion, is  the  most  elegant  that  could  be  conceived :  at  the  same  time 
that  it  is  the  most  sensitive ;  but  it  would  require  a  few  modifications 
to  make  it  the  best  for  exhibition  to  a  jury.  First,  it  was  essential  that 
the  zinc  used  to  procure  hydrogen  should  have  been  treated  by  the  expe- 
rimenter in  the  same  way  without  arsenic ;  otherwise  the  counsel  would 
embarrass  the  witness  by  asking  if  he  was  certain  that  arsenic  was  not 
contained  in  the  zinc;  and  next,  the  metallic  crust  should  be  so  received 
as  to  be  kept  from  atmospheric  air,  otherwise  it  would  lose  its  lustre  by 
passing  into  the  "  fly-powder"  of  the  Germans.  He  had  found  it  best  to 
proceed  thus: — instead  of  a  plate  of  glass  to  cool  the  flame  and  receive 
the  crust,  he  used  one  of  mica,  with  three  drops  of  water  in  separate 
places  on  one  of  its  surfaces;  if  the  flame  was  allowed  to  play  under  one 
of  those  drops,  the  evaporation  of  the  water  kept  the  part  cool,  and  the 
crust  was  thicker,  while  the  risk  of  fracture  was  avoided;  then  by  invert- 
ing the  plate  and  holding  the  drops  in  succession  some  little  height  over 
the  flame,  they  became  solutions  of  arsenious  acid,  and  could  be  tested 
with  three  re-agents  as  before  stated;  and  if  it  was  necessary  to  make  a 
quantitative  experiment,  the  products  of  the  flame  could  be  condensed 
in  a  large  globe,  the  arsenious  acid  dissolved  and  precipitated  by  sulphu- 

•  Amylaceous,  highly  pulverized,  starch-like. 
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retted  hydrogen.  The  part  of  the  plate  of  mica,  containing  the  crust, 
should  then  be  cut  off',  and  introduced  into  glass  tubes  hermetically  sealed 
up,  like  the  slips  of  blotting-paper,  containing  the  coloured  results  of  the 
re-agents. 

We  think  it  scarcely  possible,  certainly  not  necessary  for  any  practical 
purpose,  that  the  processes  of  examination  which  have  been  detailed  can 
ever  be  improved  upon.  Detection,  or  the  most  perfectly  satisfactory 
proof  of  the  non-existence  of  the  poison,  in  all  cases  of  inquiry,  is  now 
certain.  Furnished  with  this  unerring  test,  it  may  be  said  that  in  a 
country  in  which  the  inquest  of  the  coroner  is  established,  there  can  be 
no  secret  poisoning.  And  it  may  added,  that  if  the  knowledge  of  this  test  be 
universally  disseminated  there  will  probably  be  no  attempts  to  commit 
this  crime. 

But  valuable  as  this  certain  detection  of  the  fact  when  committed 
is,  the  prevention  of  the  mischief  must  be  admitted  to  be  still  more  so. 
The  few  precautions  which  our  retail  druggists  make  use  of  in  their  sale 
of  poisons,  are,  no  doubt,  useful  as  far  as  they  go,  but  they  are  notorious 
for  their  inefficiency.  The  following  suggestions  of  MM.  Chevallier  and 
Boys  de  Loury,  which  these  gentlemen  lately  submitted  to  the  French 
Minister  of  Justice,  with  the  humane  intention  of  rendering  the  crime  of 
poisoning  less  frequent,  will,  therefore,  certainly  deserve  the  attention  of 
the  learned  corporations  in  this  country,  Avhose  duty  it  is  to  watch  over 
the  interests  of  this  branch  of  public  safety  ;  and  we  are  confident  that 
many  of  the  individuals  who  dispense  these  deadly  articles*  to  their 
fellow-creatures  will  adopt  some  of  the  suggestions,  without  waiting  for 
the  compulsory  statute  of  the  Hall  or  College. 

M.  Chevallier  and  his  colleague  are  of  opinion  that  poisoning 
would  be  rendered  less  frequent  if  it  were  required,  by  authority,  that  all 
poisonous  substances  should  have  either  taste  or  colour  communicated  to 
them,  except  in  the  few  cases  where  it  might  absolutely  destroy  their  use 
in  the  arts. 

That  the  white  arsenic  intended  for  steeping  of  corn,  should  be  mixed 
with  aloes  in  powder,  in  the  proportion  of  ten  parts  aloes  to  ninety  arsenic. 

That  the  arsenious  acid  used  for  external  applications,  by  veterinary 
surgeons  and  farriers,  and  by  others  in  their  treatment  of  the  itch, 
should  be  prepared  in  the  same  manner. 

That  the  arsenious  acid  intended  to  poison  rats,  mice,  &c.,  should 
be  mixed  with  Prussian  blue  or  soluble  indigo,  in  the  proportion  of  ninety 
parts  acid  to  ten  colouring-matter. 

That  the  metallic  arsenic  in  powder,  sold  for  the  destruction  of  flies, 
should  be  mixed  with  a  tenth  of  its  weight  of  soluble  blue. 

If  these  precautions  were  universally  adopted,  it  is  highly  probable 
that  these  gentlemen  are  correct  in  thinking,  "  that  in  numerous  cases 
taste  imparted  to  food  in  which  poisonous  substances  had  been  mingled, 
would  be  sufficient  to  warn  the  intended  victims,  and  save  them  from  the 
danger  to  which  they  were  exposed  ;  and  that  in  other  cases,  colour  so 
given  might  have  a  similar  salutary  eff"ect." 


*  We  are  sure  they  will  be  appreciated 
by,  at  least,  one  in  the  trade — we  mean  the 
cautious  druggist  of  Barnstaple,  who  will 


not  suffer  them  on  his  premises,  and  who 
has  inscribed  on  his  house  in  large  cha- 
racters, "No  Oxalic  Acid  sold  hkre." 
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HYDROGRAPHY,  AND  THE  ART  OF  NAVIGATION. 

By  M.  Arago. 

[Continued  from  p.  333,  vol.  I,] 

The  springs  of  Aix,  in  Provence,  have  suggested  to  me  a  plan  of  ex- 
periment, of  which  I  think  it  proper  to  insert  a  notice,  as  very  prohably 
the  physical  conditions  on  which  it  is  founded  may  be  met  with  in  other 
places. 

The  town  of  Aix,  in  Provence,  possesses  baths  of  thermal  water, 
known  under  the  name  of  the  Baths  of  Sextius.  They  are  surrounded 
by  an  edifice,  the  building  of  which  was  completed  in  1705.  The  spring 
was  formerly  so  copious,  that  in  the  last  two  months  of  that  same  year, 
it  was  amply  sufficient  for  the  service  of  upwards  of  1000  bathers.  It 
fully  supplied  nine  jets  of  a  fountain,  and  nine  baths.  From  the  year 
1707  the  water  began  to  be  less  plentiful,  and  in  a  fcAv  months  was 
so  much  diminished,  that  the  establishment  was  wholly  abandoned. 

Other  wai'm  springs  exist  in  the  town, — at  the  Cours,  in  the  Garden 
of  the  Jacobins,  at  the  Monastery  of  St.  Bartholomew,  at  La  Triperio, 
Grioulet,  the  Hotel  de  la  Selle  d'Or,  the  Hotel  des  Princes,  &c.,  and  at 
the  bottom  of  certain  wells,  such  as  that  belonging  to  Sieur  BoufiUon  (at 
the  corner  of  the  Rue  des  Marchands),  and  some  tanners'  pits.  These 
different  springs  diminished  like  that  of  Sextius,  and  even  more  rapidly. 
Many  of  them,  and,  among  others,  those  of  the  Jacobins,  of  St.  Bartholo- 
mew, La  Triperie,  and  Grioulet,  dried  up  entirely. 

During  the  period  that  this  diminution  of  many  of  the  springs  of  Aix, 
and  the  entire  destruction  of  some  of  them,  was  going  on,  individuals  began 
to  turn  to  their  private  advantage  some  very  copious  springs,  which  they 
discovered  by  digging  to  a  small  depth  in  properties  situated  a  little  dis- 
tance from  the  town,  in  the  territory  of  Barret.  The  idea  that  these  new 
waters  were  precisely  the  former  waters  of  the  town  soon  occurred  to  the 
minds  of  many  persons;  but  the  impossibility  of  decisively  proving  that  such 
was  the  fact,  for  a  long  time  prevented  the  authorities  from  interfering. 
At  last,  in  1721,  during  the  dreridful  plague  that  prevailed  in  Provence, 
Dr.  Chicoineau  of  Montpellier,  having  thought  it  expedient  to  order  baths 
for  the  persons  detained  in  quarantine,  Vauvenargues,  the  commandant 
of  Aix,  came  to  the  following  resolution :  "  As  the  warm  baths  of  the 
town  of  Aix  appear  to  us  necessary  to  Avash  and  purify  the  convalescent 
patients  in  quarantine,  and  the  said  baths  have  not  sufficient  water  for 
this  purpose,  on  account  of  the  quantity  that  has  been  withdrawn  from 
the  source  by  various  proprietors  near  it,  we  order,  for  the  good  of  the 
service,  that  steps  be  immediately  taken  to  prevent  this,"  &c.  &c.  In 
virtue  of  this  order,  the  consuls  caused  the  holes  dug  in  the  district  of 
Barret  to  be  filled  up,  and,  in  twenty-two  days  after  this  operation,  the 
waters  of  the  Baths  of  Sextius  Avere  augmented  three-fourths,  and  many 
springs  Avhich  had  become  entirely  dry,  that  of  Grioulet  for  example, 
again  began  to  flow. 
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In  May  1722,  Vauvcnargues  having  been  superseded,  the  dispos- 
sessed proprietors  pierced,  under  ground,  the  works  which  had  been  con- 
structed the  year  before,  and  immediately  the  v.'arm  springs  of  the  town 
were  seen  to  diminish,  and  even  entirely  dry  up. 

In  July  1722  the  breaches  were  filled  up  by  the  vigilance  of  the 
authorities,  and  the  inhabitants  of  Aix  saw  the  waters  reappear.  Things 
continued  in  this  state  for  five  years;  but  in  1727  the  tenants  of  the 
mills  of  Barret  clandestinely  made  a  new  opening  in  the  dam  constructed 
in  1722.  The  knowledge  of  this  misdeed  was  only  acquired  by  a  falling 
off  in  the  quantity  of  water.  In  order  to  terminate  this  obstinate  contest 
between  private  interest  and  the  general  benefit,  the  town  passed  an  act 
defining  the  property,  and  caused  a  stone  pyramid  to  be  erected  upon  it, 
in  1729. 

To  these  details,  which  we  have  entered  into  in  order  to  establish 
the  fact,  that  the  waters  of  the  pyramid  of  Barret  feed  the  warm  springs 
of  the  town  of  Aix,  we  shall  add,  that  M.  Dauphin,  locksmith,  assured 
M.  Robert,  a  physician  of  Marseilles,  in  1812,  that  he  witnessed  an  expe- 
riment which  places  the  matter  beyond  a  doubt:  he  stated,  that  lime 
having  been  mixed  with  the  water  in  the  basin  of  the  pyramid,  the  springs 
of  Cours  and  of  Mennes  became  milky. 

Under  the  pyramid  of  Barret,  the  basin  which  the  water  occupies  is 
also  of  stone;  it  is  about  II5  feet  long  and  upwards  of  65  feet  broad.  In 
June  1812,  M.  Robert  sent  down  two  men  to  ascertain  the  temperature 
of  the  Avater;  they  found  it  62*6^  Fahr.  At  the  same  period,  the  baths  of 
Sextius  were  at  84'2°  Fahr. 

It  appears,  therefore,  established,  that  the  cold  waters  of  Barret 
become,  at  least  the  greater  part,  the  warm  waters  of  Aix,  by  traversing 
the  short  space  which  separates  these  two  points, — that  is  to  say,  a  horizon- 
tal distance,  estimated  in  the  official  memoirs  from  which  we  have  given 
an  extract,  at  about  a  thousand  geometrical  paces*. 

It  Avill  be  observed  that  we  have  employed  the  words  the  greater 
part,  and  they,  in  fact,  indicate  precisely  the  question  which  remains  to 
be  answered.  If  it  could  be  proved  that  all  the  warm  w^ater  of  the  baths 
of  Sextius  originated  from  the  cold  water  of  the  basin  of  Barret, — that 
the  phenomenon  does  not  consist  merely  of  an  intermixture  which  may 
take  place  near  the  surface,  between  the  water  of  Barret  and  that  of  an 
ordinary  thermal  spring  nearer  Aix, — and  that  in  its  passage  the  fluid  does 
not  become  chemically  charged  vdth  any  foreign  substance, — the  theory  of 
thermal  springs  would  have  made  a  decided  step  in  its  progress.  Every 
one  would  then  be  satisfied  of  their  similarity  to  the  sources  of  Artesian 
wells,  the  high  temperature  of  which  is  CAadently  omng  to  the  great  depth 
from  w^hich  they  issue. 

Without  pretending  to  devise  the  best  means  of  investigation  which 
the  survey  of  the  places  might  suggest,  I  conceive  that  if  permission  were 
obtained  to  withdraw  the  waters  of  Barret,  for  a  few  days  only,  the  prin- 
cipal question  would  be  solved.  From  the  time  that  the  intermediate 
thermal  spring  between  Barret  and  Aix  should  begin  to  flow  to  Sextius 
alone,  there  would  be,  simultaneously,  a  considerable  diminution  of  the 

"  Nearly  an  English  mile. 
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quantity  of  water,  and  a  considerable  increase  in  tlie  temperature  of  the 
baths.  A  comparative  chemical  analysis  of  the  respective  waters,  if  per- 
formed with  that  scrupulous  accuracy  of  which  we  have  now  many  exam- 
ples, would  be  very  interesting.  Nor  should  it  be  forgotten  to  repeat  the 
experiment  mentioned  by  the  locksmith  Dauphin,  by  employing  lime,  or 
bran,  or  some  tinctorial  matter,  were  it  only  for  determining  the  velocity 
of  the  fluid  in  the  subterranean  passages  which  it  traverses,  in  passing  from 
Barret  to  Sextius. 

The  temporary  turning-off  of  the  waters  of  Barret,  is  the  most  deci- 
sive mode  of  obtaining  the  solution  of  that  very  ancient  problem  of  phy- 
sical geography  to  which  thermal  springs  have  given  rise ;  but  should  this 
deviation  be  impossible,  there  still  seems  to  be  a  method  of  attaining  the 
object.  The  waters  of  Sextius  are  said  to  diminish  in  dry,  and  to  increase 
in  rainy,  weather.  It  is  very  improbable  that  the  increase  and  decrease 
should  follow  exactly  and  simultaneously  the  same  relations  in  the  cold, 
and  nearly  superficial,  waters  of  Barret,  and  in  those  of  the  thermal  spring 
nearer  the  town.  If  a  mixture  of  these  waters  does  take  place,  we  ought, 
therefore,  to  expect,  that  great  variations  of  temperature  would  be  observed 
at  Sextius. 

It  may  be  seen,  by  this  single  instance,  how  much  the  authorities 
have  erred  in  suppressing  the  office  of  Inspector  of  Thermal  Waters,  under 
the  idea  that  nothing  in  that  department  remains  to  be  discovered.  I 
now  add,  in  conclusion,  that  the  data  on  which  my  plan  of  experiment  is 
founded,  have  been  derived  from  a  manuscript  memoir  presented  fifteen 
years  ago  to  the  Academy  by  M.  Robert,  which  has  not,  in  my  opinion, 
met  with  the  attention  which  it  deserves. 

Mean  Height  of  the  Barometer. — A  few  years  ago  a  positive 
denial  would  have  been  given  to  the  assertion,  that  there  is  any  perma- 
nent diiference  between  the  barometrical  heights  corresponding  to  different 
regions  of  the  globe  at  the  level  of  the  sea.  At  present  such  difi'erences 
are  regarded  as  not  only  possible,  but  eveii  probable.  The  officers  of  the 
Bonite  ought  therefore  to  preserve  their  barometers  with  the  most  scru- 
pulous care  in  such  excellent  order,  that  aU  their  observations,  made  in 
every  port,  may  be  compared.  Notice  should  never  fail  to  be  made  of 
the  exact  height  of  the  cistern  of  the  barometer  above  the  level  of  the  sea. 

Op  the  Influence  of  different  Winds  on  the  Heights  of  the 
Barometer. — As  soon  after  the  memorable  discovery  of  Torricelli  as  me- 
teorologists directed  their  attention  to  the  observation  of  the  barometer, 
they  perceived  that,  in  general^  certain  winds  produced  a  rapid  ascent  of 
the  mercurial  column,  while  the  opposite  ones  produced  a  contrary  effect, 
in  a  manner  as  equally  decided.  The  difficulty  was,  to  determine  the 
numerical  value  of  these  influences.  It  was  necessary,  in  order  to  elimi- 
nate entirely  all  transient  and  accidental  influences,  and  to  obtain  the 
true  measure  of  permanent  causes,  to  operate  upon  great  numbers;  it  was 
necessary  to  obtain  long  series  of  good  observations  made  in  the  same 
locality;  it  was  necessary  to  group  the  winds  according  to  their  precise 
directions;  and,  finally,  to  separate  effects  purely  thermometrical. 

Burckhardt  undertook  this  Idbour,  availing  himself  of  twenty-seven 
years  of  observations  which  Messier  had  made  at  Paris,  from  1773  to 
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1801 .  If  we  designate  by  the  letter  H.  the  mean  height  of  the  barometer 
at  Paris,  that  is  to  say,  the  height  determined  by  the  average  of  all  the 
observations,  the  means  corresponding  to  the  different  winds,  according 
to  Burckhardt's  calculations,  will  be  as  follows: — 

mm.        Ens.  Tn. 


South      .     . 

H.  minits  3,  1 

(1-23) 

North      . 

South-west  . 

—     2,9 

North-east 

West       .      . 

—     0,4 

(0-16) 

East     .     . 

North-west  . 

plus    1,  3 

(0-51) 

South-east 

tntn. 

EriR.  In. 

H.  plus 

2,0 

(0-78) 

+ 

2,6 

(1-03) 

+ 

1,1 

(0-39) 

+ 

0,8 

(0-3I) 

It  will  be  seen,  from  the  mere  inspection  of  this  table,  that  the  direc- 
tion of  the  wind  occasions  a  variation  in  the  state  of  the  barometer  at 
Paris  of  3"^,  1  (1-23  Eng.  in.)  above  the  mean,  and  of  2""%  6  (1-03  Eng. 
in.)  below  it,  forming  a  total  variation  of  5""",  7  (2'26  Eng.  in.) ;  and  that 
the  opposite  winds,  combined  two  by  two,  give  a  mean  height  which,  in 
extreme  cases,  scarcely  differs  by  half  a  millimetre  (0*19  Eng.  in.)  from 
the  mean  of  all  the  observations. 

M.  Bouvard  has  presented  to  the  Academy  the  results  of  an  investi- 
gation analogous  to  that  of  Burckhardt;  it  is  founded  on  the  observations 
of  the  barometer  made  at  the  Observatory  of  Paris  from  1816  to  1831, 
and  leads,  in  general,  to  the  same  conclusions.  By  assigning  to  the 
letter  H.  the  signification  which  we  gave  it  in  the  preceding  table,  we 
shall  have  the  following  barometrical  heights,  corresponding  to  the  different 
directions  of  the  winds : — 

mm.       Eng.  In.  Obs.  mm.        Eng.  In 


North    .     .  H.  plus  3,  2  (1'27)  .  (2140) 

North-east  -f-    3,  2  (1'27)  .  (1390) 

East     .     .  +    1,  7  (0-67)  .  (1248) 

South-east  minus  1,  7  (0-67)  .  (  890) 


South      .     H.  minus  3,  7  (1-46)  .  (2944) 
South-west  —     3,  0  (1-18)  .  (2847) 

West   .     .  —     0,  8  (0-31)  .  (3402) 

North-west         plus   2,  0  (0-78)  .  (1533) 

The  daily  observations  at  nine  o'clock  in  the  morning,  at  mid-day, 
and  at  three  in  the  afternoon,  have  all  concun-ed  in  the  formation  of 
these  numbers.  Almost  exactly  the  same  results  will  be  obtained  by  em- 
ploying only  the  maxima  heights  of  nine  o'clock,  and  the  minima  heights 
of  three  o'clock. 

In  this  instance,  as  well  as  in  the  table  of  Burckhardt,  half  the 
sums  of  the  heights  corresponding  to  the  opposite  winds  are  nearly  equal 
to  H.,  that  is  to  say,  to  the  total  mean.  The  highest  mean  effect  of  the 
wind  is  6""",  9  (2*73  Eng.  in.),  which  surpasses  the  result  afforded  by  the 
observations  of  J\Iessier  by  1",  2  (0"47  Eng.  in.) 

Both  these  tables  tend  to  establish  a  fact  with  which  meteorologists 
cannot  be  too  strongly  impressed, — that  in  order  to  obtain  in  our  climates 
the  mean  height  of  the  barometer,  it  is  indispensable  to  admit  into  the 
calculation  an  equal  number  of  observations  corresponding  to  winds  of 
opposite  directions. 

The  tables  which  we  have  just  transcribed,  suggest  many  scientific 
questions;  they  lead  us  to  inquire  in  what  manner  this  influence  of  Avinds 
on  the  atmospheric  pressure,  varies  with  the  position  of  places,  A^dth  their 
greater  or  less  distance  from  the  sea,  with  their  latitude,  &c.  In  the 
mean  time,  till  data  sufliciently  numerous  be  obtained  to  enable  us  to 
attempt  the  solution  of  these  various  meteorological  problems,  I  shall  here 
present  to  the  reader  the  results  of  tw*  series  of  veiy  accurate  observations, 
which  were  communicated  to  the  Academy  by  MM,  Schuster  and  Gambart. 
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The  first  were  made  at  the  School  of  Artillery  and  Engineers  at  Metz,  the 
Others  at  the  Observatory  of  Marseilles. 

Observations  at  Metz,  (Nine  Years. ) 

Eng.  In. 


South      .      .  H.  minus  2,  4  (0-95) 

South-west   .  —     2,  1  (0-83 

West       .      .  —     0,  6  (0-23 

North-west  .  plxis    0,  3  (O'll 


North    .     .     .     H.  plus  2,  4  (0-95) 


•95) 
North-east      .  '  +  2,  1  (0-83) 

East      ...  +   1,  0  fO-39) 

South-east       .         mirawsO,  8  (0'3l) 

The  difference  between  the  extremes  is  sensibly  less  than  in  the 
observations  at  Paris.  At  the  same  time,  it  would  be  premature  to  draw 
general  conclusions  from  this  fact,  which  may  perhaps  be  purely  acci- 
dental. 

The  following  seems  more  decisive: — 


South     .      .  H.   plus  0,  0 

South-west  .  +     0,  7 

West      .      .  minus  0,  5 

North-west  .  —    0,  9 


Observations  at  Marseilles,  (Five  Years.  J 

mm.        £ng.  In.  mm.        Eng.  In. 

North     .  .  H.  —      —        — 

North-east  .  — 

East    .     .  .  plus  0,  2 

South-east  .  -{-    0,  5 


(0-07) 
(0-19) 


Although  this  table  is  incomplete,  and  founded  on  observations  of 
only  five  years'  continuance,  and  although  the  north  and  north-east  winds 
are  entirely  omitted,  there  results  from  it  no  less  important  a  consequence 
than  this, — that  if  the  direction  of  the  winds  exercises,  at  Marseilles,  any 
influence  on  barometrical  heights,  that  influence  is  very  slight,  and  ought 
not  always,  in  the  case  of  winds  of  similar  denominations,  to  have  the 
same  sign  as  in  the  north  of  France.  Thus,  while  at  Paris  the  south- 
west wind  depresses  the  barometer  considerably  below  the  mean,  its  influ- 
ence at  Marseilles  is  positive;  on  the  other  hand,  the  north-west  wind, 
which  causes  a  considerable  rise  in  the  barometer  at  Paris,  is  that  which 
produces  the  lowest  depression  at  Marseilles. 

When  observations  such  as  these  have  been  made  at  many  different 
places,  they  will  probably  place  meteorologists  in  a  condition  to  explain  a 
phenomenon  which  has  hitherto  bafiled  all  their  efforts. 

Op  the  Diurnal  Variations  of  the  Barometer. — Numerous  me- 
moirs have  been  published  on  the  diiirnal  variation  of  the  barometer. 
This  phenomenon  has  been  studied  from  the  equator  to  the  regions  in  the 
vicinity  of  the  pole, — at  the  level  of  the  sea, — on  the  immense  plateaus  of 
America, — on  the  insulated  summits  of  the  highest  mountains,  and  the 
cause,  notwithstanding,  remains  in  obscvirity.  It  is  still  necessary, 
therefore,  to  multiply  observations  on  the  subject.  In  our  climates,  the 
vicinity  of  the  sea  appears  to  manifest  itself  by  a  sensible  diminution  in 
the  extent  of  the  diurnal  oscillation;  does  the  same  thing  take  place 
between  the  tropics? 

Observations  on  Rain. — Navigators  occasionally  speak  of  rains 
which  fall  on  their  vessels  while  traversing  the  equinoctial  regions,  in 
terms  which  would  lead  us  to  suppose  that  it  rains  much  more  abun- 
dantly at  sea  than  on  land.  But  the  truth  still  remains  in  the  domain  of 
mere  conjectui-e;  so  seldom  has  the  trouble  been  taken  to  procure  exact 
measurements.  These  measurements,  however,  are  by  no  means  difiicult. 
Captain  Tuckey,  for  example,  made  many  during  his  unfortunate  expe- 
VoL.  II.  2  C  11 
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dition  to  the  river  Zaire,  or  Congo.  We  know  that  the  Bonite  Avill  be 
provided  with  a  small  udometer  {rai?i-gauge.)  It  seems,  therefore,  expe- 
dient to  recommend  the  commander  to  cause  it  to  be  placed  on  the  stem 
of  the  vessel,  in  such  a  situation  that  it  can  neither  receive  the  rain  col- 
lected by  the  sails,  nor  that  which  falls  from  the  cordage. 

Navigators  would  add  greatly  to  the  interest  of  these  observations, 
if  they  would  observe  at  the  same  time  the  temperature  of  the  rain,  and 
the  height  from  which  it  falls. 

In  order  to  obtain  the  temperature  of  rain  with  some  degree  of 
accuracy,  it  is  necessary  that  the  mass  of  the  water  should  be  consider- 
able, relatively  to  the  size  of  the  vessel  which  contains  it.  A  metal 
udometer  will  not  answer  for  this  purpose.  It  would  be  infinitely  pre- 
ferable to  take  a  large  funnel  of  some  light  stuff,  very  close  in  its 
texture,  and  to  receive  the  water  which  runs  from  the  bottom  in  a  glass, 
whose  sides  are  thin,  and  which  contains  a  small  thermometer.  So  much 
for  the  temperature.  The  elevation  of  the  clouds  in  which  the  rain  is 
formed  cannot  be  determined  but  during  the  time  of  a  storm;  then,  the 
number  of  seconds  which  elapse  between  the  appearance  of  the  flash 
and  the  arrival  of  the  sound,  multiplied  by  1142 — the  velocity  with 
which  sound  is  propagated — gives  the  length  of  the  hjrpothenuse  of  a 
right-angled  triangle,  whose  vertical  side  is  precisely  the  height  required. 
This  height  may  be  calculated,  if,  by  means  of  a  reflecting  instrument,  we 
obtain  the  angle  formed  with  the  horizon  by  a  line  which,  passing  from 
the  eye  of  the  observer,  terminates  in  that  quarter  of  the  cloud  where  the 
lightning  first  showed  itself. 

Let  us  suppose,  for  an  instant,  that  there  falls  on  the  vessel  rain 
whose  temperature  is  below  that  which  the  clouds  should  possess,  accord- 
ing to  their  height,  and  the  known  rate  of  the  decrease  of  atmospheric 
heat;  every  one  will  understand  the  consequences  which  such  a  result 
would  produce  in  meteorology. 

Let  us  suppose,  on  the  other  hand,  that  during  a  day  of  hail  (for  it 
hails  in  the  open  sea),  the  same  system  of  observations  had  proved  that 
hail-stones  were  formed  in  a  region  where  the  atmospheric  temperature 
was  higher  than  the  point  at  which  water  congeals, — science  would  thus 
be  enriched  with  a  valuable  result,  which  every  future  theory  of  hail  must 
necessarily  account  for. 

We  could  adduce  many  other  considerations  to  demonstrate  the 
utility  of  the  observations  we  have  proposed ;  but  the  two  preceding  must 
suffice. 

Rain  in  a  perfectly  Clear  Sky. — There  are  some  extraordinary 
phenomena,  concerning  which  science  possesses  but  few  observations; 
and  for  the  reason,  that  those  who  have  had  the  opportunity  of  wit- 
nessing them  avoid  describing  them,  from  an  apprehension  that  they 
might  be  regarded  as  undiscerning  visionaries.  In  the  number  of  these 
phenomena  we  may  rank  certain  rains  of  the  equinoctial  regions. 

Sometimes  it  rains  between  the  tropics  when  the  atmosphere  is 
perfectly  pure,  and  the  sky  of  the  most  beautiful  azure !  The  drops  are 
not  very  numerous,  but  they  are  larger  than  the  greatest  rain-drops  in 
our  climates.     The  fact  is  certain;  we  have  the  evidence  of  M.  von  Hum- 
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l)oldt  that  he  has  observed  the  occurrence  in  the  interior  of  continents, 
and  Captain  Beechey  states  that  he  has  witnessed  it  in  the  open  sea.  With 
regard  to  the  circumstances  on  which  such  a  singular  precipitation  of 
water  depends  we  are  entirely  ignorant.  In  Europe  we  sometimes  see 
during  the  day,  in  cold  and  perfectly  clear  weather,  small  crystals  of  ice 
falling  slowly  from  the  air,  their  size  increasing  with  every  particle  of 
humidity  they  congeal  in  their  passage.  Does  not  this  approximation 
put  us  in  the  way  of  obtaining  the  desired  explanation  ?  Have  not  the 
large  rain-drops  been  at  first,  in  the  higher  regions  of  the  atmosphere, 
small  particles  of  ice  excessively  cold;  then  have  they  not  become,  as 
they  descended,  large  ice-flakes  by  means  of  accumulation;  and  when 
lower  still,  have  they  not  melted  into  drops  of  water  ^  It  will  be  readily 
understood  that  the  only  object  with  which  these  conjectures  are  brought 
forward  in  this  place  is,  to  show  in  what  point  of  view  the  phenomenon 
may  be  studied,  and  to  stimulate  our  young  travellers,  in  particular,  to 
observe  carefully  if,  during  these  singular  rains,  the  region  of  the  sky 
from  which  they  fall  presents  any  traces  of  halo.  If  such  traces  are  per- 
ceived, however  slight  they  may  be,  the  existence  of  crystals  of  ice  in  the 
higher  regions  of  the  air  would  be  demonstrated. 


In  the  present  day  there  is  scarcely  any  country  where  meteorolo- 
gists are  not  to  be  found,  but  it  must  be  confessed  that  their  observations 
are  usually  made  at  hours  selected  without  proper  discernment,  and  with 
instruments  either  inaccurate  in  themselves,  or  improperly  placed.  It 
does  not  now  appear  difficult  to  deduce  the  mean  temperature  of  the 
day  from  observations  made  at  any  hour;  thus  a  meteorological  table, 
whatever  may  be  the  hours  of  observation  in  it,  may  be  possessed  of 
value,  by  the  mere  condition  that  the  instruments  employed  will  admit  of 
comparison  with  a  standard  barometer  and  thermometer. 

We  think  it  proper  to  recommend  these  comparisons  to  the  officers 
of  the  Bonite.  Wherever  they  can  be  effected,  local  meteorological  ob- 
servations will  be  of  value.  A  collection  from  the  newspapers  of  coun- 
tries will  often  supply  what  would  otherwise  be  obtained  with  difficulty. 

MAGNETISM. 

DiUENAL  Variations  or  the  Declination  (Variation)*. — Of  late 
years  science  has  been  enriched  with  a  considerable  number  of  observations 
on  the  diurnal  variations  of  the  magnetic  needle  ;  but  the  greater  part  of 
these  observations  have  been  made  either  in  islands,  or  on  the  western 
sides  of  continents.  Corresponding  observations  made  on  the  eastern  sides 
would  at  present  be  very  useful.  They  would  serve,  in  fact,  to  submit 
to  an  almost  decisive  test  the  greater  part  of  the  explanations  of  this 
mysterious  phenomenon  which  have  been  promulgated. 

The  route  prescribed  for  the  expedition  does  not  allow  us  to  sup- 
pose that  the  Bonite  can  harbour  or  even  remain  some  time  at  points 
situated  between  the  terrestrial  and  the  magnetic  equators,  such  as  Per- 
nambuco,  Payta,  Cape  Comorin,  and  the  Pelew  Islands.  Had  it  been 
otherwise,  we  should  have  particularly  recommended  the  erection  of  M. 

•  The  declination  of  the  magnetic  needle  is  popularly,  but  improperly,  called  the 
variation,  in  Great  Britain. 

2C2 
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Gambey's  beautiful  instrument,  in  a  firm  position,  at  a  distance  from 
every  ferruginous  mass,  and  that  the  oscillations  of  the  needle  should 
have  been  attended  to  with  the  most  scrupulous  care*. 

Inclination  (or  Dip). — In  general  it  will  be  attended  with  little 
advantage  to  bestow  much  care  on  observing  the  diurnal  variations  of 
the  horizontal  magnetic  needle  in  places  where  the  expedition  is  not 
stationary  for  a  whole  week.  It  is  different,  however,  with  the  other 
magnetic  elements.  Wherever  the  Bonite  stops,  though  it  be  only  for  a 
few  hours,  it  would  be  desirable  to  measure,  if  possible,  the  declination, 
the  inclination,  and  the  intensity. 

In  the  attempts  to  reconcile  observations  on  the  inclination  made 
at  remote  periods,  in  different  regions  of  the  earth,  in  the  neighbourhood 
of  the  magnetic  equator,  it  was  ascertained,  some  years  ago,  that  this 
equator  is  advancing  progressively  and  entirely  from  the  east  to  the  west. 
At  present  it  is  supposed  that  this  movement  is  accompanied  with  a 
change  of  form.  The  study  of  lines  of  equal  inclination,  regarded  under 
the  same  point  of  view,  will  not  be  less  interesting ;  when  all  these  lines 
shall  have  been  traced  upon  the  charts,  it  will  be  curious  to  follow  them 
with  the  eye,  in  all  their  displacements  and  changes  of  curvature ;  im- 
portant truths  may  emanate  from  such  an  examination.  It  will  now  be 
understood  why  we  require  as  many  measurements  of  inclination  as  can 
be  collected. 


•  At  all  events  we  shall  here  present 
the  problem,  which  observations  made  at 
the  points  mentioned  would  serve  to  solve. 
In  the  northern  hemisphere,  the  end  of  an 
horizontal  magnetic  needle,  which  points 
towards  the  north,  moves  from  the  east  to 
the  west  from  Q\  o'clock  a.m.  to  1|  in  the 
afternoon,  and  from  west  to  east  from  1^ 
P.M.  to  the  following  morning.  Our  he- 
misphere cannot  be  peculiar  in  this  re- 
spect ;  the  same  effect  produced  on  the 
north  end  here,  must  be  produced  on  the 
south  end  to  the  south  of  the  equator. 
Thus,  in  the  southern  hemisphere,  the  end 
of  an  horizontal  magnetic  needle  which 
poi7its  towards  the  south,  will  move  from 
east  to  west  from  8 J  a.m.  till  1^  in  the 
afternoon,  and  from  west  to  east  from 
1^  p.m.  till  the  morning  of  the  next  day. 
Further,  observation  corroborates  the  sup- 
position. Now  let  us  compare  the  simul- 
taneous movements  of  the  two  needles, 
when  comparing  the  same  end,  namely, 
that  which  points  towards  the  north.  In 
the  southern  hemisphere,  the  end  pointing 
towards  the  south  moves  from  east  to 
west  from  8^  a.m.  to  1^  p.m., — therefore 
the  north  end  of  the  same  needle  makes  a 
contrary  movement.  Thus,  finally,  in  the 
souhern  hemisphere,  the  end  pointing  to- 
wards the  NORTH  moves  from  west  to  east 
from  8^  A.M.  till  \\  p.m.,  which  is  pre- 
cisely opposite  to  the  movement  made  by 
the  north  end,  at  the  same  hours,  in  our 
hemisphere. 


Let  us  suppose  that  an  observer, 
starting  from  Paris,  advances  towards  the 
equator.  So  long  as  he  continues  in  our 
hemisphere,  the  7iorth  end  of  his  needle 
will  make  a  movement  every  morning  to- 
wards the  west ;  in  the  other  hemisphere, 
the  north  end  of  the  same  needle  will 
move  every  morning  towards  the  east.  It 
is  impossible  that  this  change  from  a 
western  movement  to  an  eastern  one  can 
take  place  in  a  sudden  manner.  There 
is,  necessarily,  between  the  zone  where  the 
first  of  these  movements  is  observed  and 
that  where  the  second  takes  place,  a  Une, 
where,  in  the  morning,  the  needle  will 
neither  move  to  the  east  nor  to  the  west, 
— that  is  to  say,  it  will  remain  station- 
ary. 

Such  a  Ime  must  exist  ;  but  where  is 
it  to  be  found  ?  Is  it  a  curve  of  equal  in- 
tensity, or  the  magnetic,  or  the  terrestrial 
equator  ? 

Researches,  continued  during  many 
months,  in  the  places  situated  between  the 
terrestrial  and  magnetic  equators,  such  as 
Pernambuco,  Payta,  Conception,  the 
Pelew  Islands,  &c.,  would  certamly  lead 
to  the  desired  solution.  But  many  months 
of  assiduous  observation  would  be  requi- 
site ;  for,  notwithstanding  the  skill  of  the 
observer,  the  short  stay  of  Captain  Du- 
perrey  at  Conception  and  Payta,  made  at 
the  request  of  the  Academy,  have  left  some 
doubts  on  the  subject. 
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The  question  has  been  often  agitated,  whether,  in  a  determinate 
place,  the  dipping-needle  would  mark  exactly  the  same  degree  at  the 
surface  of  the  ground,  at  a  great  height  in  the  air,  and  at  a  great  depth 
in  a  mine.  The  absence  of  uniformity  in  the  chemical  composition  of 
the  earth,  renders  the  solution  of  this  problem  very  difficult.  Observa- 
tions of  the  measurements  made  in  a  balloon  are  not  sufficiently  exact. 
When  the  physicien  takes  his  station  on  a  mountain,  he  is  exposed  to 
local  attraction ;  ferruginous  masses  may  there  greatly  alter  the  position 
of  the  needle,  and  nothing  be  present  to  point  out  the  effect.  The  same 
uncertainty  attends  observations  made  in  the  galleries  of  mines.  Not 
that  it  is  absolutely  impossible  to  determine  the  influence  of  accidental 
circumstances  in  each  place ;  but  then  for  this  purpose  it  is  necessary  to 
have  instruments  of  the  most  perfect  kind ; — to  be  able  to  go  from  the 
station  chosen,  in  all  directions,  and  to  great  distances ;  and,  finally, — to 
repeat  the  experiments  a  greater  number  of  times  than  a  traveller  has 
generally  an  opportunity  of  doing.  But,  however  this  may  be,  observa- 
tions of  this  kind  are  worthy  of  attention.  Their  mass  will,  perhaps,  one 
day  lead  to  some  general  result. 

With  regard  to  the  declination,  its  immense  utility  is  so  well  known 
to  navigators,  that  any  recommendation  on  the  subject  would  be  super- 
fluous. 

Observations  on  Intensity. — Observations  on  the  intensity  are 
not  of  earlier  date  than  the  travels  of  Entrecasteaux  and  M,  von  Hum- 
boldt, and  yet  they  have  already  thrown  a  strong  light  on  the  complicated, 
and  at  the  same  time  highly  interesting,  subject  of  terrestrial  magnetism. 
Observations  of  this  nature  ought,  in  the  highest  degree,  to  attract  the 
attention  of  the  officers  of  the  Bonite,  for  at  present  the  theorist  is 
arrested  at  every  step  by  the  want  of  exact  measurements. 

The  aerial  excursions  of  MM,  Biot  and  Gay  Lussac,  undertaken 
some  time  since  under  the  auspices  of  the  Academy,  were  in  a  great  mea- 
sure designed  for  the  examination  of  the  following  important  question : 
Has  the  magnetic  force,  which,  on  the  surface  of  the  earth,  directs  the 
magnetic  needle  towards  the  north,  exactly  the  same  intensity  at  every 
height  to  which  it  may  be  elevated? 

The  observations  of  our  two  fellow-members,  those  of  M.  von  Hum- 
boldt in  mountainous  countries,  and  the  still  older  observations  of  Saus- 
sure,  all  seem  to  concur  in  showing,  that  at  the  greatest  heights  which 
man  has  yet  reached  there  is  no  appreciable  decrease  in  magnetic  force. 

This  conclusion  has  recently  been  disputed.  It  has  been  remarked, 
that,  in  the  ascent  of  M.  Gay  Lussac,  for  example,  the  thermometer 
which  indicated  87'8°  Fahr.  on  the  ground  at  the  time  of  departure,  sunk 
as  low  as  15*8°  Fahr.  in  the  region  of  the  atmosphere  where  the  needle 
was  made  to  oscillate  a  second  time.  And  as  it  is  now  satisfactorily 
proved  that  the  same  needle,  occupying  the  same  place,  and  under  the 
influence  of  the  same  force,  will  oscillate  so  much  the  more  quickly,  as 
the  temperature  is  diminished,  it  becomes  necessary,  on  account  of  the 
state  of  the  thermometer,  that  a  certain  reduction  be  made  in  the  intensity 
indicated  by  the  higher  observations,  in  order  that  those  made  in  the 
balloon  and  on  the  earth  may  be  comparable.     Without  this  correction, 


390  QUESTIONS  FOR  SOLUTION :    BY  M.  ARAGO. 

the  needle  would  appear  equally  attracted  above  and  below ;  therefore,  in 
spite  of  appearances,  there  was  a  real  decrease.  This  diminution  of  the 
magnetic  force  with  the  elevation  seems  likewise  to  result  from  the  obser- 
vations made  in  1829,  on  the  summit  of  Mount  Elbrouz  (in  the  Cauca- 
sus), by  M.  Kupffer.  In  this  case  an  exact  account  was  taken  of  the 
effects  of  temperature,  and  yet  various  irregularities  in  the  series  of  incli- 
nations threw  some  doubt  on  the  result. 

We  conceive,  therefore,  that  comparisons  of  the  magnetic  intensity, 
at  bases  and  at  summits  of  mountains,  ought  to  be  particularly  recom- 
mended to  the  officers  of  the  Bonite.  Mowna-Roa,  in  the  Sandwich 
Islands,  seems  to  be  well  adapted  for  the  purpose.  Observations  may 
likewise  be  made  on  the  Tacora,  if  the  expedition  stop  for  a  few  days 
at  Arica. 

LUMINOUS  METEORS. 

On  Lightning. — M.  Fusinieri  has  been  lately  studying  the  effects 
of  lightning  under  an  entirely  new  point  of  view. 

According  to  this  phi/sicien,  the  electrical  sparks  issuing  from  ordi- 
nary machines,  which  we  see  as  they  traverse  the  air,  contain  brass  in  a 
state  of  fusion,  and  incandescent  molecules  of  zinc,  when  they  emanate 
from  a  brass  conductor;  if  the  sparks  issue  from  a  baU  of  silver  they 
contain  impalpable  particles  of  that  metal.  In  the  same  way,  a  globe  of 
gold  gives  rise  to  sparks,  which  contain,  during  their  passage  through  the 
air,  melted  gold,  &c.  &c. 

The  molecules  in  the  centre  only  of  all  these  sparks  are  melted ;  on 
their  exterior  surfaces  the  metallic  particles  undergo  a  greater  or  less  degree 
of  combustion,  in  consequence  of  their  contact  with  the  oxygen  of  the 
atmosphere. 

When  a  spark  issuing  from  a  globe  of  gold  passes  through  a  silver 
plate,  even  of  considerable  thickness,  there  is  seen  on  the  two  surfaces 
of  the  plate,  at  the  points  where  the  electric  spark  entered  and  emerged, 
a  circular  stratum  of  gold,  the  thickness  of  which  must  be  very  inconsi- 
derable, since,  if  left  to  itself,  it  volatilizes,  and  disappears  entirely  in  a 
short  time.  According  to  M.  Fusinieri,  these  two  metallic  spots  are 
formed  by  the  fused  gold  which  the  electric  spark  contained.  The 
deposit  on  the  first  face  is  nothing  extraordinary;  but,  by  adopting  the 
explanation  of  the  Italian  physicieii  for  the  spot  on  the  opposite  surface, 
w'e  are  obliged  to  admit,  that  the  gold  disseminated  through  the  spark 
has  passed,  at  least  in  part,  along  with  it  through  the  whole  thickness  of 
the  silver  plate  !  It  is  unnecessary  to  add,  that  a  spark  issuing  from  a 
ball  of  copper  gives  rise  to  similar  phenomena. 

A  spark  emanating  from  one  metal,  and  passing  through  another, 
does  not  only  lose  a  portion  of  the  molecules  with  which  it  was  at  first 
charged,  but  it  acquires  new  molecules  at  the  expense  of  the  metal 
traversed.  M.  Fusinieri  even  asserts,  that,  at  each  passage  of  the  spark, 
reciprocal  changes  are  produced  between  the  two  metals  present ;  that 
when  the  spark,  for  example,  leaves  silver  to  pass  to  copper,  it  not  only 
transports  a  portion  of  the  first  metal  to  the  second,  but  that  it  likewise 
transports  copper  to  the  silver!     I  will  insist  no  longer,  however,  on 
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these  phenomena ;  I  have  cited  them  here  only  with  a  view  to-  show  that 
the  sparks  of  our  ordinary  machines  contain  ponderable  matter. 

M.  Fusinieri  affirms  that  similar  matter  exists  in  lightning,  and  that 
in  this  case  also  it  is  in  states  of  minute  division,  of  ignition,  and  of 
combustion.  According  to  him,  this  transported  matter  is  the  true  cause 
of  the  transient  smells  which  thunder  occasions  when  it  falls,  and  also  of 
the  pulverulent  deposits  which  remain  round  fractures  through  which  the 
electrical  matter  has  forced  a  passage.  In  these  deposits,  which  have 
been  too  much  neglected  hitherto  by  observers,  M.  Fusinieri  has  detected 
metallic  iron,  iron  in  different  degrees  of  oxidation,  and  sulphur.  The 
ferruginous  spots  left  on  the  walls  of  houses  may  be  found,  when  strictly 
examined,  to  arise  from  the  iron  with  which  the  lightning  was  charged, 
derived  from  that  which  occurs  in  every  building ;  but  what  is  to  be  said 
regarding  the  sulphureous  spots  on  these  same  walls,  and  especially  the 
ferruginous  marks  which  are  found  on  trees  struck  with  lightning  in  the 
open  fields?  M.  Fusinieri  conceives  himself  authorized  to  infer  from 
these  experiments,  that  the  atmosphere  contains,  at  every  height,  or  at 
least  as  far  as  the  region  of  stormy  clouds,  iron,  sulphur,  and  other  sub- 
stances, on  the  nature  of  which  chemical  analysis  has  been  hitherto  silent ; 
that  the  electrical  spark  is  charged  with  them,  and  that  it  carries  them 
to  the  surface  of  the  earth,  where  they  form  attenuated  deposits  round 
the  points  struck  with  the  lightning. 

This  new  method  of  regarding  electrical  phenomena,  assuredly 
deserves  to  be  followed  up  with  that  accuracy  which  is  suited  to  the 
present  state  of  science.  Every  one  who  witnesses  a  stroke  of  lightning, 
would  perform  a  very  useful  service  by  carefully  collecting  the  black 
or  coloured  matter  which  the  electrical  fluid  seems  to  deposit,  at  all  those 
stages  of  its  progress  where  it  undergoes  sudden  changes  of  velocity.  A 
careful  chemical  analysis  of  these  deposits  may  lead  to  unexpected  dis- 
coveries of  high  importance. 

Falling  Stars. — Ever  since  observations  were  made  with  accuracy 
on  falling  stars,  it  has  been  evident  how  greatly  these  long-despised  phe- 
nomena,— these  pretended  atmospheric  meteors, — these  so-called  trains 
of  inflamed  hydrogen  gas,  are  deserving  of  attentive  examination.  Their 
parallax  has  already  placed  them  much  higher  than  the  sensible  limits 
given  to  our  atmosphere  by  received  theories*.  During  the  inquiry  con- 
cerning the  apparent  direction  in  which  these  falling  stars  ordinarily  move^ 
it  was  ascertained  that  even  though  they  are  inflamed  in  our  atmosphere, 
they  do  not  originate  in  it,  but  that  they  enter  it  from  without.  The  direc- 
tion most  common  to  them,  seems  diametrically  to  be  opposed  to  that  of  the 
earth  in  its  orbit! 

It  is  desirable  that  this  result  should  be  established  by  the  investi- 


*  Comparative  observations  made  in 
1823  at  Breslau,  Dresden,  Leipsic,  Brieg, 
and  Gleiwitz,  by  Professor  Brandes  and 
many  of  his  pupils,  have  assigned  no  less 
than  500  English  miles  as  the  height  of 
certain  falling  stars. 

The  apparent  speed  of  these  meteors  is 
found  sometimes  to  be  36  miles  per  second. 
This  is  nearly  double  that  of  the  earth's 


motion  roimd  the  sun.  Even  although 
we  were  inclined  to  regard  half  of  this  ap- 
parent velocity  as  an  illusion  arising  from 
the  effect  of  the  earth's  movement  in  ita 
orbit,  there  would  still  remain  18  miles  per 
second  as  the  real  velocity  of  the  star,  a 
degree  of  rapidity  which  exceeds  that  of  all 
the  superior  planets,  except  the  earth. 
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gation  of  a  numerous  series  of  observations.  We  have  therefore  requested 
that  officers  on  watch  on  board  the  Bonite  may  note,  during  the  whole 
of  the  voyage,  the  hour  at  which  a  falling  star  may  appear,  its  probable 
angular  height  above  the  horizon,  and  particularly,  the  direction  of  its 
motion. 

By  referring  these  meteors  to  the  principal  stars  of  the  constel- 
lations which  they  traverse,  the  different  questions  which  we  have  in- 
dicated may  be  resolved  at  a  glance.  Here,  then,  is  a  subject  of  research 
which  requires  no  trouble.  It  may  suffice  to  attach  our  young  country- 
men to  the  subject,  to  remark  how  interesting  it  would  be  to  establish  the 
fact  of  the  earth  being  a  planet,  from  proofs  derived  from  such  phenomena 
as  falling  stars,  the  inconstancy  of  which  has  become  proverbial.  We 
might  add,  if  it  were  necessary,  that  it  is  scarcely  possible  at  present  to 
imagine  any  other  mode  of  explaining  the  astonishing  appearance  of  bolides 
{Jiery  meteors)  observed  in  America  on  the  night  of  the  12th  and  13th 
of  November,  1833,  than  by  supposing  that,  besides  the  large  planets, 
there  move  round  the  sun  myriads  of  small  bodies  which  are  not  visible 
but  when  they  penetrate  into  our  atmosphere,  and  there  become  inflamed ; 
that  these  asteroids  (to  adopt  the  name  which  Herschel  long  since  applied 
to  Ceres,  Pallas,  Juno,  and  Vesta,)  move  in  some  way  or  other  in  groups; 
that  others,  however,  are  isolated ;  and  that  the  assiduous  observation  of 
these  falling  stars  will  be,  at  all  times,  the  only  means  of  enlightening  us 
in  regard  to  these  curious  phenomena. 

We  have  just  mentioned  the  appearance  of  falling  stars  noticed  in 
America  in  1833.  These  meteors  succeeded  each  other  so  quickly,  that 
they  could  not  be  counted  ;  but  a  moderate  calculation  makes  their  num- 
ber amount  to  hundreds  of  thousands*.  They  were  seen  along  the  eastern 
side  of  America  from  the  Gulf  of  Mexico  to  Halifax,  from  nine  o'clock  in 
the  evening  to  sunrise,  and  even,  in  some  places,  in  daylight,  at  eight 
o'clock  in  the  morning.  All  these  meteors  issued  from  the  same  point  of 
the  sky,  situate  near  7  Leonis ;  and  that,  notwithstanding  the  altering 
position  of  this  star  in  consequence  of  the  diurnal  movement  of  the 
sphere.  This,  then,  is  assuredly  a  very  remarkable  fact,  and  we  shall 
cite  another  which  is  not  less  so.  The  shower  of  falling  stars  in  1 833  took 
place,  as  we  have  already  said,  on  the  night  of  the  1 2th  and  13th  of  Novem- 
ber. In  1799,  a  similar  shower  was  observed  in  America,  by  M.  von  Plum- 
boldt;  in  Greenland,  by  the  Moravian  fraternity;  and  in  Germany,  by 
various  persons.  The  date  is  in  the  night  between  the  11th  and  the  12th 
of  November. 


•  The  stars  were  so  numerous,  and  ap- 
peared in  so  many  different  regions  of  the 
sky  at  once,  that  in  the  attempt  to  reckon 
them,  nothing  more  than  a  very  rough  ap- 
proximation could  he  expected.  An  ob- 
server at  Boston  compared  them,  when  at 
the  maximum,  to  half  the  number  of  flakes 
seen  in  the  air  during  an  ordinary  fall  of 
snow.  At  a  time  the  phenomenon  was 
considerably  on  the  decrease,  he  counted 
650  stars  in  15  minutes,  although  he  cir- 
cumscribed his  observations  to  a  zone, 
which  did  not  include  a  tenth  part  of  the 


visible  horizon.  This  number,  iu  his  opi- 
nion, was  not  more  than  two-thirds  of  the 
whole;  thus  there  must  have  been  866, 
and  in  the  whole  of  the  visible  hemisphere, 
8660.  This  last  number  would  give  34,640 
stars  per  hour.  As  the  phenomenon  lasted 
seven  hours,  the  number  that  appeared  at 
Boston  must  have  exceeded  240,000;  for 
it  must  not  be  forgotten  that  the  data  on 
which  these  calculations  are  founded,  were 
not  collected  till  the  phenomenon  was  con- 
siderably on  the  decline. 
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In  1832  Europe,  Arabia,  &c.,  were  witnesses  of  the  same  pheno- 
menon, but  on  a  smaller  scale.  The  date  of  this  appearance  is  again  the 
night  between  the  12th  and  the  13th  of  November. 

This  near  approach  to  identity  in  the  dates,  authorizes  us  the  more 
to  invite  our  young  navigators  to  watch  attentively  whatever  may  appear 
in  the  sky  from  the  10th  to  the  15th  of  November,  since  observers  who 
were  favoured  with  a  clear  atmosphere,  and  who  watched  for  the  pheno- 
menon last  year  (1834),  saw  manifest  traces  of  it  on  the  12th  and  13th 
of  that  month*. 

The  Zodiacal  Light. — The  zodiacal  light,  although  known^  for 
nearly  two  centuries,  still  presents  a  problem  which  has  not  been  solved 
in  a  satisfactory  manner.  The  study  of  this  phenomenon  is  chiefly  re- 
served, by  the  very  nature  of  things,  to  observers  placed  in  the  equinoctial 
regions.  They  alone  can  decide  whether  Dominico  Cassini  had  suffi- 
ciently guarded  against  the  causes  of  en'or  to  which  an  observer  is  ex- 
posed in  our  variable  climates,  and  whether  he  had  sufficiently  taken  into 
account  the  purity  of  the  air,  when  he  announced  in  his  work  that  the 
zodiacal  light  is  constantly  brighter  in  the  evening  than  in  the  morning ; 
that  in  the  course  of  a  few  days  its  length  may  vary  from  60°  to  100°; 
that  these  variations  are  connected  with  the  appearance  of  solar  spots,  in 
such  a  manner,  for  instance,  that  there  must  have  been  an  absolute  rela- 
tion, and  not  merely  a  fortuitous  coincidence,  between  the  weakness  of 
the  zodiacal  light  in  1688,  and  the  absence  of  every  kind  of  spot,  luminous 
or  otherwise,  on  the  solar  disc  in  that  same  year. 

It  appears  to  us,  therefore,  that  the  Academy  ought  to  request  the 


"  Since  my  report  was  read  to  the  Aca- 
demy, M.  Berard,  one  of  the  Lest  mformed 
officers  in  the  French  navy,  has  had  the 
kindness  to  address  to  me  the  following 
extract  from  the  journal  of  the  brig  Loire t, 
of  which  he  was  the  commander : — 

"On  the  13th  November  1831,  at  4 
o'clock  A,  M.,  the  sky  being  perfectly  clear, 
with  abundance  of  dew,  we  saw  a  consider- 
able number  of  falling  stars,  and  luminous 
meteors  of  a  large  size,  For  upwards  of 
three  hours  there  could  not,  on  an  average, 
be  fewer  than  two  every  minute.  One  of 
these  meteors,  which  appeared  in  the  zenith, 
left  an  enormous  train  in  a  direction  from 
east  to  west,  and  formed  a  broad  luminous 
band  (equal  to  half  the  diameter  of  the 
moon),  in  which  many  of  the  colours  of 
the  rainbow  were  very  distinctly  seen. 
Its  track  was  visible  for  more  than  six 
minutes.  We  were  then  on  the  coast  of 
Spain,  near  Carthagena ;  the  thermometer 
in  the  air,  62*6°  Fahr. ;  barometer,  30 '3 
in. ;  temperature  of  the  sea,  65'2°." 

On  the  13th  November  1835,  a  large 
and  brilliant  meteor  observed  by  M.  Millet 
Daubenton,  fell  near  Belley,  in  the 
department  of  Ain,  and  burned  a  barn. 
On  the  same  night  a  falling  star,  more 
brilliant  than   Jupiter,  was   observed   at 


Lille  by  M.  Delezenne.  It  left  behind  on 
its  route,  a  train  of  sparks  in  every  respect 
resembling  those  produced  by  a  squib. 

Thus,  all  these  facts  tend  more  and  more 
to  confirm  the  notion,  that  there  exists 
a  zone  composed  of  millions  of  small  bodies, 
whose  orbits  meet  the  plane  of  the  ecliptic 
near  the  point  which  the  earth  occupies 
every  year,  from  the  11th  to  the  13th  of 
November.  It  is  a  new  planetary  world 
just  beginning  to  be  revealed  to  us. 

It  is  doubtless  unnecessary  for  me  to 
say,  how  important  it  would  be  at  the  pre- 
sent moment  to  inquire  whether  other 
trains  of  asteroids  do  not  meet  the  ecliptic 
in  points  different  to  that  in  which  the  earth 
is  placed  about  the  13th  of  November. 
This  investigation  would  require  to  be  made, 
for  example,  from  the  20th  to  the  24th  of 
April;  for  in  1803  (I  believe  it  was  on  the 
22nd  of  April),  there  were  seen  in  Virginia 
and  Massachusetts,  from  one  o'clock  till 
three  in  the  morning,  falling  stars  in  all 
directions,  and  in  such  numbers,  that  they 
might  be  compared  to  a  shower  of  rockets. 

Messier  relates  that,  on  the  17th  June 
1777  about  noon,  he  saw  during  five 
minutes  a  prodigious  number  of  black 
globules  passing  across  the  sun.  Might 
not  these  globules  be  asteroids  likewise  ? 
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officers  of  the  Botiite,  during  the  whole  time  they  remain  between  the 
tropics,  and  when  the  moon  does  not  enlighten  the  horizon,  to  be  on  the 
watch,  either  after  sunset  or  before  sunrising,  and  take  note  of  the 
constellations  which  the  zodiacal  light  traverses,  of  the  star  nearest  its 
point,  and  of  the  angular  breadth  of  the  phenomenon  near  the  horizon, 
at  a  determined  height.  It  is  almost  superfluous  to  add,  that  an  account 
must  be  kept  of  the  hours  when  the  observations  were  made.  The  inves- 
tigation of  the  results  may  be  delayed  without  any  inconvenience  till  the 
period  of  returning  home. 

We  are  not  ignorant,  and  we  have  already  hinted  it,  that  some  very 
able  minds  consider  these  statements  of  Dominico  Cassini  as  little 
deserving  of  confidence.  They  are  unmlling  to  admit  that  sensible 
physical  changes  could  operate  simultaneously  through  such  an  im- 
mense extent  as  the  zodiacal  light  embraces.  In  their  opinion,  these 
variations  in  intensity  and  length,  noticed  by  this  great  astronomer,  were 
not  real,  and  nothing  further  than  intermissions  of  the  atmospheric  trans- 
parency are  required  to  account  for  them. 

It  would  not  now,  perhaps,  be  impossible  to  prove,  by  comparing  the 
observations  of  Fatio  with  those  of  Cassini,  that  atmospheric  variations  are 
insufficient  to  explain  the  phenomena  described  by  the  Parisian  astronomer. 
With  respect  to  the  objection  derived  from  the  immensity  of  the  space  in 
which  the  physical  changes  must  operate,  it  has  lost  all  its  force  since  we 
have  witnessed  similar  phenomena  exhibited  by  Halley's  comet. 

Our  young  countrymen  ought  therefore  zealously  to  devote  them- 
selves to  such  observations  as  we  have  pointed  out.  The  question  is 
important,  and  no  person  can  hitherto  flatter  himself  with  having  defini- 
tively solved  it. 

Aurora  Borealis. — It  is  now  well  ascertained  that  there  are  as 
many  displays  of  polar  aurora  in  the  southern  hemisphere  as  in  the 
arctic  regions.  Everything  leads  us  to  think,  that  the  appearances  of 
the  southern  aurora,  and  of  that  which  we  witness  in  Europe,  follow  the 
same  laws.  This,  however,  is  mere  conjectui-e.  If  a  southern  aurora  be 
seen  by  the  officers  of  the  Bonite  in  the  form  of  an  arch,  it  will  be  impor- 
tant to  notify  exactly  the  bearings  of  the  intersections  of  this  arch  with 
the  horizon,  and,  if  these  cannot  be  obtained,  the  hearing  of  the  most 
elevated  point.  In  Europe,  the  most  elevated  point  always  appears  to  be 
situated  in  the  magnetic  meridian  of  the  place  where  the  observer  is 
stationed. 

It  has  been  proved  by  numerous  researches  undertaken  at  Paris, 
that  all  kinds  of  aurora  borealis,  even  such  as  do  not  appear  above  our 
horizon,  and  the  existence  of  ^yhich,  consequently,  we  can  learn  only  from 
the  reports  of  observers  in  the  polar  regions,  alter  decidedly  the  decli- 
nation of  the  magnetic  needle,  as  well  as  its  inclination  and  intensity. 
Who,  then,  can  presume  to  argue  from  the  great  distance  of  an  aurora 
australis,  that  it  never  disturbs  the  magnetism  of  our  hemisphere?  Every 
case  in  which  the  attention  of  our  travellers  shall  make  a  correct  memo- 
randum of  these  phenomena,  may  at  length  throw  some  light  on  the 
question.  Such  arrangements  have  been  made,  that  magnetic  obser- 
vations will  be  made  at  Paris  during  the  whole  time  of  the  circumna- 
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vigation  of  the  Bonite,  at  periods  so  near  each  other,  and  in  such  a 
manner,  that  no  perturbation  can  take  place  unobserved. 

The  Rainbow. — The  explanation  of  the  rainbow  may  be  regarded 
as  one  of  Descartes's  most  beautiful  discoveries  ;  but,  still,  even  after  the 
developements  which  Newton  has  furnished,  it  is  yet  incomplete.  When 
we  look  attentively  at  this  magnificent  phenomenon,  we  perceive  under 
the  red  of  the  interior  arch  several  series  of  green  and  purple,  forming 
narrow  contiguous  arches,  well  defined,  and  perfectly  concentric  to  the 
principal  arch.  Of  these  supplemetitary  arcs  (for  that  is  the  name  given 
to  them,)  the  theory  of  Descartes  and  Newton  takes  no  notice,  and  indeed 
it  cannot  even  be  applied  to  them. 

The  supplementary  arcs  appear  to  be  an  effect  of  luminous  interfe- 
rence. These  interferences  cannot  be  produced  but  by  drops  of  water  of 
a  certain  smallness.  It  is  necessary  also,  for  othervdse  the  phenomenon 
would  have  no  brilliancy,  that,  besides  this  condition  of  magnitude,  the 
drops,  or  at  least  the  greater  part  of  them,  should  be  almost  mathemati- 
cally equal  in  their  dimensions.  If,  therefore,  the  rainbows  of  equinoc- 
tial regions  are  never  attended  with  supplementary  arcs,  it  would  be  a 
proof  that  the  drops  of  water  which  there  issue  from  the  clouds  are  of 
larger  size,  and  more  unequal  dimensions,  than  in  our  climates.  In  our 
ignorance  of  the  causes  of  rain,  this  fact  would  by  no  means  be  void  of 
interest. 

When  the  sun  is  low,  the  upper  portion  of  the  rainbow  is,  on  the 
contrary,  very  much  elevated.  It  is  towards  this  culminating  region  that 
the  supplementary  arcs  show  themselves  in  greatest  splendour.  Descend- 
ing from  this,  their  colours  become  rapidly  fainter.  In  the  loAver  regions, 
near  the  horizon,  and  even  considerably  above  it,  no  traces  of  them  are 
ever  seen,  at  least  in  Europe. 

It  follows,  therefore,  that  rain-drops,  during  their  vertical  descent, 
lose  the  property  which  they  at  first  possess ;  that  they  have  no  longer 
the  conditions  necessary  for  efficient  interference,  and  that  they  increase 
in  size. 

Is  it  not  curious,  it  may  be  asked  in  passing,  to  find  in  an  optical 
phenomenon,  in  a  peculiarity  of  the  rainbow,  a  proof  that  in  Europe  the 
quantity  of  rain  must  be  so  much  the  less  the  higher  we  place  the  vessel 
in  which  it  is  to  be  received*  ! 

The  increase  in  the  size  of  the  drops,  it  can  scarcely  be  'doubted,  is 
owing  to  a  precipitation  of  humidity  on  their  surface  ;  this  will  be  in  pro- 
portion to  the  atmospheric  strata  through  which  they  pass  in  their  descent 
from  the  cold  region  of  their  origin;  and  which  strata  are  warmer  and 
warmer,  as  they  approach  the  earth.  It  is  then  almost  certain  that,  if 
supplementary  rainbows  are  formed  in  equinoctial  regions,  as  in  Europe, 
they  never  reach  the  horizon;  but  a  comparison  of  the  angle  of  the  height 
at  which  they  cease  to  be  seen  with  the  angle  of  disappearance  noticed 
in  our  climates,  seems  to  offer  a  means  of  obtaining  some  meteorological 
results,  which  can  be  obtained  by  no  other  method  at  present  known. 


*  In  the  Observatory  at  Paris,  there  are 
two  vessels  in  which  rain-water  is  collected; 
one  of  them  is  on  the  terrace,  the  other  in 
the  court,  92  English  feet  lower  than  the 


first.  In  the  course  of  a  year  the  reser- 
voir in  the  court  received  eight-hundredths 
more  water  that  that  placed  on  the  terrace. 
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Halos. — In  high  latitudes,  off  Cape  Horn,  for  example,  the  sun  and 
the  moon  often  appear  surrounded  by  two  luminous  circles,  which 
meteorologists  call  halos.  The  radius  of  the  smallest  of  these  circles  is 
about  22°, — that  of  the  larger  is  almost  exactly  46°.  The  first  of  these 
angular  dimensions  is  within  a  little  the  minimum  deviation  which  light 
undergoes  while  traversing  a  glass  prism  of  60°;  the  other  would  be  given 
by  two  prisms  of  60°,  or  by  a  single  prism  of  90°. 

It  seems,  therefore,  natural  to  seek  for  the  cause  of  halos,  as 
Mariotte  has  done,  in  the  rays  refracted  by  floating  crystals  of  snow, 
which,  as  every  one  knows,  usually  present  angles  of  60°  and  90°. 

Tliis  theory,  besides,  has  been  rendered  still  more  probable  since  the 
power  has  been  acquired  of  distinguishing  refracted  from  reflected  light 
by  means  of  chromatic  polarization.  It  is,  in  fact,  the  colours  of  the  first 
kind  (refracted  light)  which  produce  the  polarized  rays  of  the  halo. 
What,  then,  still  remains  to  be  known  regarding  this  phenomenon  ?  It 
is  the  following : — According  to  theor}'^,  the  horizontal  diameter  of  a  halo 
and  the  vertical  diameter  ought  to  have  the  same  angular  dimension;  but 
we  are  assured  that  these  diameters  are  sometimes  strikingly  \inequal. 
Actual  measurement  alone  can  establish  this  fact ;  for  if  it  has  happened 
that  a  judgment  of  the  inequality  in  question  has  been  formed  by  the  naked 
eye  only,  there  are  not  wanting  sufficient  causes  of  illusion  to  explain  how 
the  most  experienced  physicien  might  be  deceived.  The  reflecting  circles 
of  Borda  are  admirably  adapted  to  the  measurement  of  the  angular  distances 
at  sea.  We  may,  therefore,  without  hesitation,  recommend  to  the  officers 
of  the  Boniie  to  apply  the  excellent  instruments  with  which  all  of  them 
are  provided  to  determine  the  dimensions  of  all  the  halos  that  may 
appear  to  them  to  be  elliptical.  They  will  themselves  perceive  that  the 
inner  edge  of  the  halo, — the  only  one  which  is  distinctly  defined, — is  much 
better  adapted  for  observation  than  the  outer  one;  but  they  must  never, 
with  regard  to  the  sun,  neglect  to  indicate  whether  they  take  the  centre  or 
the  edge  as  the  term  of  comparison.  We  likewise  regard  it  as  indispensable, 
that,  in  each  direction,  the  two  rays  diametrically  opposite  should  be 
measured, — for  certain  observers  have  mentioned  circular  halos,  in  which, 
if  they  are  to  be  believed,  the  sun  did  not  occupy  the  centre  of  the 
curve. 

WINDS. 

Trade- Winds. — Perhaps  it  will  excite  surprise  to  see  the  trade- 
winds  announced  as  still  affording  a  subject  of  important  investigation; 
but  it  must  be  remarked,  that  the  practice  of  navigators  has  often  con- 
fined them  to  meagre  notices ;  with  such  science  cannot  be  satisfied. 
Thus  it  is  not  true,  Avhatever  may  have  been  alleged,  that  to  the  north 
of  the  equator  these  winds  constantly  blow  from  the  north-east;  and 
that  to  the  south  of  it  they  blow  uniformly  from  the  south-east.  The 
phenomena  are  not  the  same  in  the  two  hemispheres.  In  each  plane, 
moreover,  they  change  with  the  seasons.  Daily  observations  of  the  true 
direction,  and,  as  far  as  practicable,  of  the  strength  of  the  eastern  winds 
which  prevail  in  equatorial  regions,  would  therefore  be  a  useful  acquisition 
to  meteorology. 

The  vicinity  of  continents,  their  Avestern  sides  especially,  modifies 
the  trade-winds  in  their  strength  and  direction.     It  sometimes  even  hap- 
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pens  that  they  are  displaced  by  a  west  wind.  Wherever  this  change 
of  the  wind  occurs,  it  is  desirable  to  note  the  time,  the  bearing  of  the 
neighbouring  coasts,  their  distance,  and,  where  practicable,  their  general 
aspect.  In  order  to  show  the  utility  of  this  last  recommendation,  it  Avill 
be  enough  to  say,  that  a  sandy  country,  for  example,  will  have  a  much 
speedier  and  more  active  influence,  than  one  covered  with  forests,  or  any 
other  kind  of  vegetation. 

The  sea  which  washes  the  western  shore  of  Mexico,  from  Panama 
to  the  peninsula  of  California,  between  8°  and  22°  north  latitude,  will 
afford  an  opportunity  to  the  officers  of  th6  Bonite  of  observing  a  complete 
inversion  of  the  trade- winds.  They  will  find,  as  stated  by  Captain  Basil 
Hall,  a  nearly  permanent  west  wind,  in  a  situation  where  it  might  be  ex- 
pected the  east  wind  of  the  equinoctial  regions  would  prevail.  In  these 
offings  it  Avould  be  curious  to  ascertain  how  far  from  the  shore  this  ano- 
maly extends, — at  what  degree  of  longitude  the  trade-wind  resumes,  so 
to  speak,  its  dominion. 

According  to  the  most  generally  adopted  explanation  of  the  trade- 
winds,  there  ought  to  exist,  between  the  tropics,  a  more  elevated  wind, 
constantly  blowing  in  an  opposite  direction  to  the  one  on  the  surface  of 
the  earth.  Numerous  proofs  are  already  collected  of  the  existence  of 
this  counter-current.  Vigilant  observations  of  elevated  clouds,  particu- 
larly of  those  called  cirro-cumulus,  would  [certainly  furnish  indications  of 
great  value  to  meteorology. 

Finally,  the  periods,  strength,  and  extent  of  the  monsoons,  form 
subjects  of  study,  in  which,  notwithstanding  a  vast  amount  has  been 
collected,  there  is  still  something  to  glean. 

(To  be  continued.  J 


TRANSACTIONS  OF  THE  ROYAL  ASTRONOMICAL 
SOCIETY. 

In  continuation  of  the  plan  we  proposed  (see  p.  209)  to  adopt  with  respect 
to  the  labom-s  of  different  learned  societies,  of  giving,  as  occasion  may  arise, 
a  more  or  less  brief  analysis  of  the  papers  published  in  the  Transactions 
of  those  bodies,  we  now  proceed  to  lay  before  our  readers  an  account 
of  the  contents  of  the  concluding  section  of  the  ninth  volume  of  those 
of  the  Royal  Astronomical  Society.  In  our  next  number  we  propose  to 
give  a  similar  analysis  of  the  Transactions  of  the  Royal  Society  of 
Edinburgh. 

This  part  contains  ten  papers,  besides  the  Report  of  the  Council, 
the  Anniversary  Address,  and  other  miscellaneous  information,  chiefly 
relating  to  the  management  of  the  Society. 

I.     On  the   Time  of  Rotation  of  Jupiter.    By  F.  G.  Airy,  Esq.,  Astronomer 
Royal,  a7id  President  of  the  Society. 

Kepler  inferred,  from  a  presumed  connexion  between  the  time  of 
the  rotation  and  that  of  its  first  satellite,  that  Jupiter's  time  of  rotation 
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was  less  than  24  hours.  Cassini  was  led  from  his  o^vn  observations  in 
1664-5  to  conclude  that  it  was  less  than  14  hours.  Subsequent 
observations  in  1665  led  him  to  the  time  of  9^  56""  0'.  This  is  the 
period  adopted  by  Laplace,  and  all  subsequent  writers. 

In  December,  1834,  Professor  Airy  took  advantage  of  one  of  the 
two  remarkably  black  and  well-defined  spots  which  appeared  near  the 
lower  belt  of  the  planet,  to  make  a  series  of  observations,  with  a  view 
to  the  determination  of  the  period  of  Jupiter's  rotation  with  greater 
accuracy.  These  observations  extend  over  the  period  from  December 
16th  to  March  19th  following:  and  from  them,  by  methods  which  he 
details,  he  finds  that  the  true  period  corresponding  to  them  is  9**  55™  21  "3% 
mean  solar  time. 

This  close  approach  (differing  by  only  38'7  seconds)  to  the  period 
determined  by  Cassini,  will  seem  remarkable  enough  to  those  who 
estimate  by  numerical  differences  the  degree  of  approximation,  without 
considering  the  unit  by  which  those  differences  are  measured:  but  to 
those  who  are  accustomed  to  look  upon  an  inquiry  in  all  its  details,  and 
under  careful  mathematical  discipline,  it  is  obvious  that  this  small 
quantity  may  be  in  reality  a  comparatively  great  one.  It  is  so  in  the 
present  case. 

The  time  of  the  visibility  is  less  than  five  hours ;  and  the  period 
of  observation  extending  over  225  revolutions,  from  which  Mr.  Airy 
deduced  his  period,  it  would  make  225  x  38*7  seconds,  or  2''  25™  0-75% 
or  about  half  the  period  of  the  visibility  of  the  spot  itself.  The  period 
then  assigned  by  Cassini  is,  as  the  author  remarks,  incompatible  with 
the  observations  recorded  and  discussed  in  his  communication. 

II.  Continimtion  of  Researches  into  the  Value  of  Jupiter's  Mass.    By  the 

same. 

It  would  be  hardly  possible  to  render  the  objects  of  this  short  paper 
intelligible  to  those  Avho  are  unacquainted  with  the  problem  itself,  and 
■with  the  previous  papers  of  the  author  on  the  subject.  We  propose,  there- 
fore, to  enter  into  some  degree  of  explanation  of  the  general  character  and 
the  nature  of  the  difficulties  encountered  in  it,  in  an  early  number,  as  well 
as  such  historical  details  as  Ave  think  may  be  interesting  to  our  readers. 
It  is  sufficient  to  state  here,  that  Professor  Airy  finds  the  whole  mass  of 
the  Jovial  system  toIs-s  of  the  sun's  mass.  The  result  of  observations 
discussed  in  his  former  papers  on  the  subject  was  tcss-s. 

III.  On  the  Position  of  the  Ecliptic,  as  inferred  from  Observations  with  the 
Cambridge  Transit  and  Mural  Circle,  made  in  the  year  1834.  By  the 
same. 

This  determination  is  founded  on  138  transits  of  the  sun,  in  which  both 
the  preceding  and  following  limbs  were  observed,  and  143  polar  dis- 
tances, in  which  both  the  north  and  south  limbs  were  observed.  Profes- 
sor Airy  believes  these  determinations,  in  point  of  individual  accuracy 
and  general  excellence,  to  be  equal  to  any  that  have  been  used  for  the 
same  purpose. 

1 .  Tlie  author  determines  the  place  of  the  equinox  to  be  intermediate 
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between  those  assigned  by  Besscl  and  Pond,  but  a  very  little  nearer  to 
the  former. 

2.  That  the  obliquity  of  the  ecliptic  assumed  in  the  Nautical  Almanac 
(namely,  23°  27  39-26",)  is  too  great  by  0-357". 

3.  That  the  sun  moves,  independently  of  the  eflfects  of  perturbations, 
in  a  small  circle,  whose  distance  from  the  north  pole  of  the  ecliptic  is 
90°  —  0-569". 

This  last  is  a  startling  conclusion.  Mr,  Airy  is  evidently  embar- 
rassed by  it:  but  to  our  minds  it  appears  clear  that  it  must  arise  from 
either  imperfection  of  method,  or  imperfection  of  instruments.  We  can- 
not imagine  the  circumstances  indicated  by  it  to  be  the  case  of  actual 
nature, 

IV.  Description  of  the  Mural  Circle  at  the  Armagh  Observatory ,  and  Exami- 

nation of  its  Divisions.    By  T.  R.  Robinson,  D.D.,  <^c. 

This  paper,  which,  in  reference  to  the  actual  construction  of  mural  instru- 
ments, consists  almost  entirely  of  practical  details,  is  unsusceptible  of 
material  abridgement.  The  author  comes  to  the  conclusion  that  the 
present  method  of  dividing  large  circles  is  insufficient  for  attaining  the 
degree  of  accuracy  which  practical  astronomers  now  require ;  and  that  to 
effect  it  satisfactorily,  they  must  be  divided  on  the  engine,  as  Reichenbach 
divided  his  three-feet  circles, 

V.  Report  on  the  new  Standai-d  Scale  of  this  Society  [the  Royal  Astrono- 

mical].    Drawn  up  at  the  request  of  the  Council,  by  Francis  Baily, 
Esq.,  F.R.S. 

Of  this  elaborate  paper  we  shall  give  an  analysis  in  a  future  number, 

VI.  Two  elementary  Solutions  of  Kepler's  Problem  by  the  Angular  Calculus, 
By  William  Wallace,  A.M.,  F.R.S.E.,  <^c..  Professor  of  Mathematics  in 
the  University  of  Edinburgh. 

A  planetary  orbit  being  an  ellipse,  having  the  sun  in  one  of  its  foci,  Kepler 
discovered  (by  a  discussion  of  the  observations  of  Tycho  Brahe)  that 
the  radius  vector  of  a  planet  describes  equal  areas  in  equal  times :  but  the 
truth  of  this  law,  as  the  result  of  any  hypothesis  respecting  the  force  of 
gravitation,  was  first  proved  by  Newton. 

The  equation  to  which  it  leads  is 

z  ■=.  oe  —  e  sin  a?; 
in  which  z  is  the  mean  anomaly,  x  the  true  anomaly,  and  e  the  eccentricity 
of  the  elliptic  orbit. 

When  X  is  given,  z  is  readily  found  from  a  table  of  sines ;  but  when 
z  is  given,  and  x  required,  (which  is  the  form  in  which  the  problem 
always  presents  itself  in  astronomical  research,)  it  becomes  a  matter  of 
considerable  difficulty,  and  oftentimes  excessively  troublesome.  Various 
methods  have  been  proposed, — of  course,  chiefly  tentative,  and  necessarily 
inelegant  combinations  of  geometry  and  trigonometry. 

We  shall  give  the  conclusions  of  Professor  Wallace,  and  refer  our 
readers  to  the  work  itself  for  their  investigatioiis,  as  well  as  the  examples 
by  Avhich  he  illustrates  them. 


400  TRANSACTIONS    OF    THE 

First  method. — 1 .  Find  x'  an  approximation  to  x  by  this  formula. 

1  +  c 
tan  (a?'  —  4  «)  =  YZT  ^^'^  ^  '^' 

2.  Find  y  such  that 

tan  (4  x'—y)z=  r-^  tan  ^  a?'. 

3.  Find  c,  the  correction  of  x\  so  that 

sin  y     sin  1 " 
sin  (w  —  c)  =  -; :  . (x   —  «), 

expressing  x'  —  z  in  seconds  of  a  degree. 

4.  Then  the  eccentric  anomaly,  x  z=i  x'  +  c. 

Second  method. — Find  x'  an  approximation  to  the  value  of  x  in  the 
given  equation,  z  ■=:  x  —  e  sin  x,  and  form  a  successive  series  of  angles 
connected  by  the  following  equations;  they  will  be  closer  and  closer  ap- 
proximations to  the  true  value  of  x  at  every  step. 

..  e  , 

.r"  =  «  +    .  ■ ,    ,  sin  x'. 
'   sm  1" 

e 

*,"1  ■=  z  -\-  -. — ;-  'sin  X". 
sm  1" 

e 

x'"  =  z  -\-  — — -   ,  sin  X  . 
sm  I" 


a?"  =:  »  +  -: — —  •  sin  x" 

sm  1" 


In  these  solutions,  Professor  Wallace  suggests,  that  as  in  each  planet, 

Pj  -: — r„  and  r^~  are  constant  quantities,  they  may  be  conveniently  ta- 
bulated for  each  of  the  several  orbits. 

VII.  Sixth  Catalogue  of  Double  Stars,  observed  at  Slough  in  the  years  1831 
and  1832,  with  the  twenty-feet  Reflector ;  containing  the  Planes,  Descrip- 
tions, and  measured  Angles  of  Position  o/"'286  of  those  Objects,  of  which 
105  have  not  been  previously  described.  Reduced  to  the  Epoch  of  1830*0. 
By  Sir  John  Frederick  William  Herschel,  K.G.H. 

This  is  a  continuation  of  a  former  series  published  in  these  Transactions. 
It  is  arranged  in  columns  of 

No.  I  AR.  1830-0  I  N.P.D.  1830'0  |  Posit.  |  Dist,  |  Magn.  |  Remks.  |  Sweep.  |  Ref. 

Of  course  no  particular  description  can  be  given-  The  value  of  the 
paper  consists  in  its  determination  of  the  position  and  character  of  the 
several  objects  contained  in  it.  Only  two  observations  occur  of  general 
interest  beyond  that  which  arises  from  a  determination  of  the  places.  One 
is,  that  an  observation  in  sweep  425,  an  observation  of  rj  Coronw,  was 
made  with  personal  hazard;  and  the  other  that  the  triple  star  in  sweep 
392  appears  to  have  changed  since  sweep  172  was  made,  including  the 
same  stars,  they  being  in  the  first  (172)  in  a  straight  line,  but  in  the 
latter  (392)  no  longer  so. 
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VIII.  Some  Particulars  respecting  the  principal  Instruments  at  the  Royal 
Observatory  at  Greenwich,  in  the  time  of  Dr.  Halley.  By  S.  P.  Rigaud, 
Esq.,  A.M.,  F.R.S.,  Savilian  Professor  of  Geometry  at  Oaford. 

The  Royal  Observatory  owes  its  existence  to  the  indefatigable  Sir 
Jonas  Moore.  It  was  placed  under  the  direction  of  the  Ordnance  De- 
partment, with  which  Sir  Jonas  was  so  intimately  connected;  the  salary 
of  the  Astronomer  Royal  was  paid  at  the  Ordnance  Office ;  and  all  sup- 
plies for  that  institution  were  always  made  through  the  same  medium, 
till  very  recently,  when  it  was  transferred,  we  think  judiciously,  to  the 
governance  of  the  Admiralty  Board.  The  Master-General  of  the 
Ordnance  has  seldom  been  a  man  of-science,  or  a  man  of  right  feeling 
in  respect  of  science,  (the  Marquis  Townshend  is,  indeed,  a  splendid 
exception,  and,  in  more  recent  times,  Sir  James  Kempt,  during  his 
short  occupation  of  the  post,  is  another:)  and  hence  it  has  happened, 
that,  for  a  national  establishment,  the  Royal  Observatory  has  been  most 
inadequately  provided  for,  both  in  actual  payment  to  its  labourers,  and  in 
respect  to  the  supply  of  requisite  instruments.  The  Admiralty  Board, 
besides  being  the  most  natural  guardian  of  astronomy,  is  also  better  fitted 
on  several  accounts,  for  carrying  on  the  superintendence  of  the  appropriate' 
business  of  such  an  institution,  both  on  account  of  its  interest  in  the 
results,  and  its  piu-ticular  constitution.  It  is  nominally  under  the  direc- 
tion of  men  who  know  little  of  science,  and  care  for  it  as  little ;  but  gene- 
rally under  the  actual  direction  of  one  man,  chosen  because  he  is  acquainted 
with  the  details  of  its  business,  and,  consequently,  fully  impressed  with  a 
sense  of  the  necessity  for  the  results  which  are  only  to  be  obtained  from 
such  a  source,  and,  therefore,  deeply  interested  in  its  being  supplied  with 
all  the  requisite  means  for  carrying  it  on  successfully.  The  Board  of 
Visiters,  also,  exercise  a  salutary  influence,  both  upon  the  Government 
and  the  Astronomer  Royal  of  the  time  being. 

None  of  these  advantages  were  attached  to  its  connexion  with  the 
Board  of  Ordnance ;  and  yet,  by  degrees,  after  the  most  painful  and  almost 
degrading  solicitations,  the  Observatory  became  supplied  with  a  tolerably 
good  set  of  instruments,  of  almost  every  kind.  Still  the  British  Obser- 
vatory was  generally  behind  most  of  the  continental  national  ones;  and, 
in  the  essential  instruments,  was  often  behind  more  than  one  corporate,  or 
even  private,  establishment  devoted  to  the  same  objects.  It  is  only  very 
recently  that  science  has  been  admitted  to  be  of  national  importance :  and, 
even  now,  it  is  little  more  than  half-admitted.  This,  however,  is  not  the 
place  for  amplifying  the  discussion  of  the  causes  of  this  unhappy  trait  in 
the  mania  of  the  day. 

This  Very  interesting  paper  .of  Professor  Rigaud  contains  an  account 
of  the  instruments  which  Bradley,  the  successor  of  Halley,  and  third 
Astronomer  Royal,  found  in  the  institution  upon  his  appointment  to  the 
office.  Our  readers  will  recollect  that  the  learned  Radcliffe  observer  pub- 
lished the  miscellaneous  works  of  Dr.  Bradley,  in  three  quarto  volumes, 
a  few  years  ago;  and  in  these  he  gave  a  general  account  of  those  instru- 
ments at  the  period  of  1742.  No  opportunity  of  printing  the  several  dis- 
tinct notices  found  amongst  the  papers  of  Bradley,  relating  to  the  time  of 
Halley,  presented  itself  till  the  present.  Mr.  Baily's  Life  of  Flamsteed 
Vol.  II.  2D  '        U 
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contains  ample  accounts  of  the  state  of  the  Ohservatory  during  the  life- 
time of  the  first  Astronomer  Royal;  and  Professor  Rigaud  has,  from  the 
papers  above  mentioned,  and  from  other  sources,  filled  up  the  chasm,  so 
far  as  Halley's  occupancy  of  the  office  is  concerned. 

The  instruments  of  the  Observatory  in  Flamsteed's  time  were  his 
own  private  property;  and  the  jealousy  subsisting  between  Halley  andhis 
predecessor,  was  an  unconquerable  difficulty  in  the  way  of  any  fair 
ari-angement  between  the  widow  of  Flamsteed  and  the  man  whom,  from 
her  husband,  she  had  learned  to  hate  most  cordially.  Halley  was  in  his 
sixty-fourth  year  when  he  was  appointed;  and,  upon  his  appointment, 
found  the  Observatory  "wholly  unprovided  of  instruments;  and,  indeed, 
of  everything  else  that  was  moveable." 

The  descriptions  themselves  cannot  be  well  abridged.  The  paper 
itself  is,  however,  full  of  interest,  not  only  to  the  practical  astronomer,  but 
also  to  every  one  who  takes  the  slightest  interest  in  the  history  of  science. 

IX.    Observations  on  Halley's  Comet.     By   Captain  W.  H.  Smyth,  R.  N., 

F.R.S.,  ^c. 

Captain  Smyth  appears  to  be  the  first  who  saw  the  Comet,  on  the  present 
appearance  of  that  remarkable  body,  with  the  naked  eye.  This  was  on 
the  19th  of  October,  1835,  in  crossing  the  great  quadrangle  of  Trinity 
College,  Cambridge,  and  it  even  appeared  with  "a  much  finer  effect"  than 
through  the  telescope  on  the  summit  of  the  principal  gate-tower  of  the 
College  which  he  had  just  left. 

These  observations  will  be  embodied  in  a  paper  which  we  are  pre- 
paring, and  which  will  appear  in  an  early  number,  containing  a  condensed 
account  of  the  appearances  of  the  Comet  on  its  several  apparitions,  so  far 
as  they  have  been  recorded.  It  is  sufficient  to  state  here  that  they  were 
made  at  Bedford,  with  the  usual  instruments  and  precautions,  and,  in 
addition  thereto,  with  an  excellent  annular  micrometer,  which  was  lent 
to  Captain  Smyth  by  Mr.  Francis  Baily  for  the  purpose. 

The  analytical  difficulty  of  the  problem,  resulting  from  the  very 
rapid  motion  of  the  comet,  is  very  neatly  solved  by  the  "  worthy  assist- 
ant-secretary of  the  Society,  Mr.  Epps ;"  and  "  the  beautiful  cometary 
ephemeris  furnished  to  the  astronomical  world  by  Lieutenant  Stratford 
has  afforded  the  means  of  computing,  to  satisfactory  exactness,  the 
hourly  velocities,  equating  for  second  and  third  differences." 

X.   Astronomical  Observations. 

These  are  of  a  miscellaneous  kind,  both  as  to  objects  and  observers ; 
and  very  judiciously  thrown  together  in  a  tabular  form.  We  shall 
merely  state  them  generally. 

1 .  Observed  transits  of  the  moon,  and  moon-culminating  stars,  at 
the  Observatories  of  Greenwich,  Cambridge,  and  Edinburgh. 

2.  Observed  occultations  of  the  fixed  stars  and  planets;  by  Messrs. 
Rothman,  Henderson,  Snow,  Fisher,  Sheepshanks,  Hartnup,  and  Wrot- 
tesley. 

3.  Observed  eclipses  of  Jupiter's  satellites;  by  Messrs.  Rothman, 
Henderson,  and  Sir  Everard  Home. 
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4.  Observations  on  the  Solar  Eclipse,  November  30,  1834;  by  Sir 
E.  Home,  and  Mr.  Byron  Drury,  in  Jamaica. 

5.  Observations  on  the  Solar  Eclipse,  May  15,  1835  ;  by  thirty-nine 
different  observers. 

6.  Observations  of  Halley  s  Comet.  At  South  Kilworth,  by  Dr. 
Pearson ;  at  Blackheath,  by  J.  Wrottesley,  Esq. ;  and  at  various  places 
at  sea,  by  Captain  R.  Owen,  R.  N.,  and  officers  of  H.  M.  S.  Thunderer. 

7.  Results  of  Lunar  Observations  made  at  Edinburgh,  in  the  years 
1834  and  1835.  By  Professor  Henderson,  Astronomer  Royal  for 
Scotland, 

Of  the  address  of  the  Council,  or  the  President's  speech  on  the  delivery 
of  the  medal,  though  they  enter  somewhat  into  the  history  of  the  labours 
of  the  Society,  we  do  not  feel  ourselves  called  upon  to  offer  an  opinion. 
Every  one  who  looks  to  the  labours  of  the  practical  astronomer  as  bear- 
ing upon  the  decision  of  the  structure  of  the  universe,  will  be  interested 
in  the  brief  but  comprehensive  discourse  delivered  by  the  President  on 
that  occasion,  respecting  nebulse  and  multiple  stars :  still  we  cannot  per^ 
suade  ourselves  that  so  fertile  a  topic  might  not  hav€  been  more  effi- 
ciently treated  than  he  has  done.  We  must  confess,  however,  that  we 
infinitely  prefer  the  manly  and  subdued  tone  of  the  Astronomer  Royal  of 
England,  to  the  laboured  splendours  of  the  Astronomer  Royal  of  Ireland. 
If  Professor  Airy  sometimes  says  too  little,  Professor  Hamilton  scarcely 
ever  fails  to  make  atonement  for  him  by  saying  a  great  deal  too  much : 
if  the  one  does  not  say  all  that  might  be  said,  the  other  says  a  great  deal 
more  than  a  philosopher  ought  to  say.  We  prefer  the  former  error  to 
the  latter :  the  philosopher  injures  his  own  respectability,  and  degrades 
his  science  itself,  when  he  becomes  a  special  pleader  for  Philosophy. 
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MISCELLANIES. 


Biot  and  Newton. 

A  MEMOIR  on  astronomical  refraction 
was  lately  read  at  the  Academie  des 
Sciences,  in  which  the  distinguished 
author,  M.  Biot,  successfully  proved 
that  there  was  one  honour,  not  hitherto 
supposed  to  belong  to  him,  yet  due  to 
the  illustrious  Newton,  namely,  that  of 
having  discovered  the  theory  of  astro- 
'nomical  refraction.  M.  Biot  having 
perused  with  close  attention  the  letters 
of  Newton  to  Flamsteed,  published  in 
the  past  year  by  Mr.  Baily,  found  in 
them  the  complete  series  of  ideas  that 
Newton  had  followed  out  in  order  to 
calculate  the  table  of  refractions  which 
was  subsequently  published  in  his  name 
by  Halley,  in  the  Philosophical  Tran- 
.  suctions,  1721,  without  the  slightest 
reference  to  the  means  employed  to 
form  it.  It  is  thus  certain  that  Newton 
was  in  possession  of  differential  ex 
pressions  of  astronomical  refractions 
similar  to  those  used  at  the  present 
day,  and  that  he  had  deduced  from 
them,  theoretically,  his  table  for  the  case 
of  an  uniform  temperature.  M.  Biot,  in 
order  to  exhibit  them  in  a  simpler  form, 
went  through  the  calculations  of  New- 
ton, and  by  them  arrived  at  the  same 
numerical  results  as  those  which  are 
furnished  by  the  methods  now  in  use. 

" Thus," remarked  M.  Biot,  "we have 
yet  to  add  to  the  vast  number  of  other 
discoveries  made  by  this  great  man 
that  of  the  theory  of  astronomical  re- 
fraction. If  we  reflect  that  he  was 
obliged,  as  his  correspondence  shows,  to 
discover  for  himself,  one  after  another, 
all  the  physical  bases,  and  all  the 
meteorological  elements,  of  this  theory, 
and  that  at  a  time  when  no  person  but 
himself  suspected  that  the  indications 
of  the  barometer  and  of  the  thermo- 
meter had  the  slightest  relation  with 
these  refractions,  and  that  he  at  length 
attained,  approximatively  it  is  true,  but 
by  a  method  direct,  and  due  to  himself 
alone,  the  same  numerical  values  which 
the  mathematicians  of  the  following  age 
regarded  as  one  of  the  grandest  results 
of  the  improved  integral  calculus,  we 


shall,  without  doubt,  admit  that  such 
an  acquisition  was  one  of  the  finest 
works  of  his  immense  genius,  and  one 
which,  beyond  all  others,  best  demon- 
strates the  sagacity  with  which  he  seized 
all  the  constituent  elements  of  the  com- 
plicated phenomena  which  he  submitted 
to  investigation." 

That  this  act  of  justice  to  the  de- 
parted English  mathematician  should 
have  been  neglected  by  his  scientific 
countrymen  is,  to  say  the  least,  re- 
markable;— that  it  should  have  been 
rendered  by  a  Frenchman,  and  by  a 
philosopher  so  eminently  qualified  to 
appreciate  the  discovery,  and  that  he 
should  have  deduced  it  from  a  corre- 
spondence supposed,  by  some  persons, 
slightly  to  tarnish  the  lustre  of  a 
splendid  reputation,  is  one  of  the  ii)ost 
striking  and  gratifying  events  in  the 
progress  of  modern  science. 

Is  there  no  academy  of  either  nation 
(for  both  countries  are  now  equally  in- 
terested in  the  commemoration  of  this 
glorious  event,)  patriotic  enough  to  ofi'er 
the  following  subject  for  a  prize  in 
painting?  Biot  announcing  to  the 
Academie  des  Sciences,  a  century 
after  the  death  of  Newton,  the  dis- 
covery by  the  illustrious  Englishman  of 
the  theory  of  Astronomical  Refraction. 

Apparent  Connexion  of  Aurora  Bo- 
realis  with  Rain,  Wind,  and  decreas- 
ing Atmospheric  Pressure. 

An  examination  of  our  Meteorological 
Journal  for  October  will  show  that  an 
unusual  quantity  of  rain  fell  during 
that  month,  particularly  in  the  early 
part  of  it,  and  that  it  was  in  this  wetter 
period  that  the  auroras  were  of  con- 
siderable splendour,  and  most  numerous. 
The  first  aurora  observed,  occurred  on 
September  30th.  On  the  following 
day  there  was  a  decreasing  barometric 
column,  a  strong  south  west  wind,  and 
torrents  of  rain.  On  October  4th 
another  aurora  occurred,  and  on  the 
next  day  a  decreasing  column,  and  a 
fall  of  rain  amounting  to  nearly  an  inch 
and  a  half. 
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An  aurora  on  the  1 1th,  in  the  even- 
ing, displayed,  during  four  hours,  ki- 
minous  arches,  and  a  vast  field  of  light. 
Again,  on  the  next  day,  there  was  a 
gradually  decreasing  column ;  rain ; 
and  then  came  on  those  south-west 
gales  which  were  so  severe  and  fatal  on 
the  coasts. 

The  last  observed  aurora  was  visible 
on  the  18th,  and  attracted  universal 
notice  in  the  metropolis,  from  the  great 
extent  of  its  deep-red  colour*.  Rain 
followed,  but  the  barometric  column,  in 
this  case,  did  not  sink ;  on  the  contrary, 
it  steadily  rose,  and  its  ascent  exceeded 
the  mean  height. 

A  comparatively  dry  period  succeeded; 
the  atmospheric  pressure  remained  high 
until  the  27th :  it  then  fell  with  the  north- 
westerly wind  which  preceded  and 
brought  in  the  late  cold  weather  and 
deep  snow. 

Advantage  of  Chlorine  in  the  Conver- 
sion of  Iron. 

It  has  recently  been  discovered  at  an 
iron-work  in  Germany,  that  by  producing 
adisengagementofchlorine  in  the  finery- 
furnaces  used  for  converting  iron  into 
the  second  and  third  qualities,  an  article 
may  be  obtained  equal  to  that  of  quality 
No.  1 .  This  new  process  has  been  car- 
ried into  effect  in  the  furnaces  on  the 
Lower  Rhine,  and  is  said  to  have  com- 
pletely succeeded. 

Mean  Level  qf  the  Sea. 

The  level  of  the  sea,  to  which  the 
barometric  measurements  of  altitude 
are  referred,  as  to  a  standard  level,  is 
obtained,  in  the  practice  of  the  most 
eminent  French  hydrographers,  by 
taking  the  mean  between  the  average 
height  of  two  consecutive  flood-tides 
and  that  of  their  intermediate  ebb;  or, 
reciprocally,  the  mean  between  the 
average  height  of  two  consecutive  ebb- 
tides and  the  height  of  their  interme- 
diate tlood. 

[The  Tide,  a  true  Barometer. 

In  a  memoir  on  the  Tides  of  the 
Coasts  of  France  M.  Daussy  states, 
that  he  has  been  induced  to  believe, 
from  a  great   number  of  observations 

*  About  8  P.M.,  police,  firemen,  and 
boys,  were  running  in  all  directions,  expect- 
ing to  find  a  fire  in  the  next  street,  or  at 
farthest,  in  the  next  street  but  one.  The 
bustle  and  perplexity  lasted  about  an  hour. 


made  at  Brest,  that  when  the  weight  of 
the  atmosphere  elevates  the  mercurial 
column  of  a  barometer  g  in.,  the  mean 
level  of  the  sea,  (taken  as  in  the  pre- 
ceding article,)  is  depressed  about  four- 
teen times  as  much,  or  1|  inches.  The 
proportion  of  the  specific  gravity  of 
mercury  to  sea-water  being  as  13"3  to  1, 
M.  Daussy  concludes  that  the  mean 
level  of  the  sea  may  be  considered  a 
true  barometer,  its  changes  always 
corresponding  with  those  of  the  atmo- 
spheric pressure. 

This  remarkable  result  having  been 
disputed  by  Mr.  Lubbock, — as,  in  the 
observations  made  on  the  tides  at 
London  under  his  supervision,  no  indi- 
cation of  this  connexion  was  detected, — 
M.  Daussy  felt  obliged  to  ascertain,  by 
experiments  made  at  other  points,  if  the 
fact  observed  at  Brest  was  merely  local, 
depending  upon  the  immense  basin,  so 
nearly  shut  in,  which  spreads  itself 
before  the  entrance  of  that  port.  He 
took  advantage,  for  this  purpose,  of 
some  tidal  observations,  which  were 
ordered  to  be  made  by  the  Government 
in  1835,  on  different  parts  of  the  French 
coast,  and  principally  of  those  at  L'Orient, 
where  the  localities  were  favourable  to 
the  convenient  observation  of  high  and 
low  water.  He  compared  these  with 
the  barometric  observations  made  at 
the  same  place  during  the  months  of 
August,  September,  October,  Novem- 
ber, and  December,  1835.  The  result 
of  this  comparison  confirmed  his  previous 
opinion,  of  the  correspondence  between 
the  greatest  heights  of  the  mean  level 
of  the  sea  and  the  lowest  of  those  of 
the  barometer,  except  that  the  motion 
of  the  mean  level  is  a  little  more  marked 
at  L'Orient  than  at  Brest. 

M.  Daussy  was  further  convinced 
that  this  effect  was  not  owing,  as  some 
persons  are  disposed  to  believe,  to  the 
influence  of  the  wind.  "  To  determine 
this,"  he  says,  "  I  observed,  successively, 
during  each  kind  of  wind,  regarding 
both  its  force  and  direction,  and  exa- 
mined if  the  heights  given  by  the  mean 
level  did  not,  in  each  series,  follow  an 
oi-der  analogous  to  that  of  the  barometer; 
I  was  soon  convinced,  that  the  same 
law  of  variation  did  take  place,  and  in-all 
winds, — that  is  to  say,  that  the  wind  re- 
maining constant  in  direction  and  force, 
it  was  always  found  that  the  height  of 
the  mean  level  varied  with  the  effect  of 
atmospheric  pressure."  The  number 
of  these  observations  was   small,  and 
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the  conclusions  drawn  from  them  can 
apply  to  the  port  of  L'Orient  only:  they 
are  the  following.  First,  That  light 
winds  have  little  influence  on  the  height 
of  the  mean  level,  whatever  may  he  their 
direction.  Second,  That  fresh  breezes 
have  still  less  influence.  Third,  and 
lastly.  That  gales  and  strong  winds 
from  the  N.  and  N.E,  depress  the  mean 
level  about  85  inches,  and  that  similar 
winds  from  the  S.W.,  S.,  and  S.E., 
elevate  it  to  the  same  amount. 

Since  the  publication  of  these  latter 
observations  of  M.  Daussy,  Mr.  Lub- 
bock has  been  induced  to  examine 
further  into  this  interesting  cause  of 
variation  in  the  mean  level  of  the  sea, 
and  which  had,  previous  to  M.  Daussy, 
escaped  attention.  He  has  announced, 
that  Mr.  Dession,  having,  at  his  re- 
quest, calculated  the  heights  and 
times  of  the  tides  at  Liverpool  for  the 
year  1784,  and  compared  the  results 
obtained  by  him  with  the  barometric 
heights  of  the  same  year  made  by  Mr. 
Hutchinson,  this  conclusion  is  arrived 
at,  namely,  that  for  tV  in.  depression 
of  the  mercurial  column,  there  is  a 
corresponding  elevation  of  the  mean 
level  of  the  sea,  amounting  to  one  inch. 
With  regard  to  the  epochs  of  the  tides, 
no  sensible  connexion  with  the  atmo- 
spheric pressure  was  observed.  This 
is  a  remarkable  and  satisfactory  cor- 
roboration of  the  fact  observed  by  M. 
Daussy.  It  may  now  be  desirable  to 
adopt  the  term.  Standard  Level  of  the 
Sea,  (or  some  similar  one,)  when  ele- 
vations are  referred  to  the  sea-level, — 
meaning  by  the  new  term,  the  mean 
level  of  the  sea  at  a  certain  constant 
height  of  the  barometer. 

Lifting  of  the  Kremlin  Bell. 

In  the  month  of  July,  in  the  present 
year,  a  successful  attempt  was  made  to 
raise  the  enormous  bell  which  had  been 
so  long  buried  in  the  earth,  in  the 
Kremlin,  at  Moscow.  This  bell,  one  of 
the  wonders  of  Moscow,  was  cast,  in 
1733,  at  the  command  of  the  Empress 
Anne,  by  a  Russian  founder,  Michael 
Motorine.  It  is,  according  to  Clarke, 
2)  ft.  41  in.  high;  at  two  feet  from  the 
bottom  its  circumference  measures  67 
ft.  4  in. ;  its  diameter  at  that  height  is 
consequently  about  21  ft.  6  in.  Its 
thickness,  at  the  part  intended  to  be 
struck  by  the  hammer,  23  in.  The 
Russians  estimate  the  weight  at  12,000 
poods,  which  is    nearly   200    English 


tons.  The  reputed  elegance  of  its 
form,  the  style  of  its  bas-reliefs,  and 
the  richness  of  its  metal,  cornposed  of 
gold,  silver,  and  copper,  contributed  to 
make  it  remarkable  as  a  specimen  of 
the  advanced  state  of  the  art  of  casting 
in  Russia,  at  the  epoch  of  its  execution. 

M.  Montferrand,  a  gentleman  greatly 
distinguished  in  Petersburgh  by  the 
numerous  works  he  has  executed,  was 
intrusted  with  the  direction  of  the 
operations.  As  the  bell  was  lying  in  a 
cavity  in  the  ground,  and  more  than 
thirty  feet  below  the  surface,  a  large 
excavation  was  made  to  clear  it.  Over 
this  was  constructed  a  strong  and  lofty 
scaffold*  for  the  attachment  of  the  blocks, 
and  for  the  temporary  suspension  of  the 
bell  at  a  proper  height.  At  half-past 
five  in  the  morning  of  the  5th  of  July 
last,  the  authorities  of  Moscow  and  a 
large  number  of  spectators  being  as- 
sembled on  the  spot,  prayers  were 
offered  up  for  the  success  of  the  attempt, 
and  the  operations  commenced  on  a 
signal  given  by  M.  Montferrand.  Six 
hundred  soldiers  instantaneously  set-to 
at  a  large  number  of  capstans.  The 
enormous  weight  was  mastered,  and  the 
bell  was  soon  seen  to  rise  slowly  in  the 
pit.  Forty-two  minutes  elapsed  during 
its  elevation  to  the  necessary  height. 
No  accident  occurred.  The  first  opera- 
tion being  finished,  the  next  was  to 
build  a  platform  beneath  the  suspended 
bell.  This  was  completed  in  eight 
hours,  and  the  bell  lowered  upon  it. 
On  the  following  day  it  was  placed  on 
a  sledge,  and  drawn,  by  means  of  an 
inclined  plane,  up  to  the  pedestal  in- 
tended to  support  it,  and  there  finally 
left,  on  the  26th  of  the  same  month. 

This  colossal  work  of  art  is,  after  all, 
but  a  mere  curiosity.  Its  use  as  a 
bell  is  impossible,  from  a  fracture,  about 
seven  feet  high  and  two  feet  wide,  in 
the  lower  part,  where,  as  has  been 
stated,  it  is  23  in.  thick.  The  cause  of 
this  gigantic  injury  rests  entirely  upon 
conjecture. 

Thermometer  indicating  Mean 
Temperature. 

A  METHOD  of  accurately  ascertaining 
the  mean  temperature  of  the  atmo- 
sphere at  any  given  time  and  place  has 
long  been  a  desideratum,  not  only 
among  meteorologists,  but  among  phy- 

*  Said  to  have  been  fifty  feet  from  bottom 
to  top. 
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sictens  ill  general;  for,  independent  of 
other  important  considerations,  it  is  in- 
timately connected  with  the  determina- 
tion of  the  law  that  regulates  the  distri- 
bution of  heat  over  diflferent  climates ; 
and  it  is  only  by  obtaining  the  mean 
temperature  of  a  place  at  different  and 
distant  periods,  that  the  great  question 
can  ever  be  solved,  as  to  whether  the 
temperature  of  this  country,  or  of  the 
globe  in  general,  is  increasing,^  station- 
ary, or  diminishing. 

Ordinary  thermometers,  it  is  well 
known,  give  the  temperature  of  the 
atmosphere  at  the  moment  of  observa- 
tion only  ;  there  are  others  contrived  to 
indicate  the  maximum  and  minimum 
temperatures  which  may  have  occurred 
between  any  two  selected  epochs, — but 
no  instrument  has  yet  been  constructed 
which  would  accurately  asceitain,  and 
register,  the  mean  temperature  of  the 
periods  between  two  such  epochs,  how- 
ever short  it  might  be. 

A  skilful  timepiece-maker  of  Copen- 
hagen, M.  Jules  Jurgensen,  eminent 
for  the  excellence  of  his  chronometers, 
and  for  a  Treatise  on  Detached  Escape- 
ments, has  succeeded  in  an  attempt  to 
produce  such  an  instrument.  It  is,  in 
fact,  by  means  of  chronometers  that  he 
exhibits  the  mean  temperature  desired*. 

It  is  generally  known  that,  to  prevent 
variations  of  temperature  affecting  the 
going  of  a  watch,  there  is  attached  to 
the  balance-wheel  of  good  instruments 
a  curved  bar,  composed  of  two  metals, 
the  unequal  dilatation  and  contraction 
of  which,  under  the  same  temperature, 
shortens  and  extends  the  curve,  and 
thus  accelerates  or  retards  the  motion. 

"  In  the  Edinburgh  Encyclopaedia,  Art, 
Atmospherical  Clock,  a  machine  is  stated  to 
have  been  proposed  by  Dr.  Brewster,  which 
should  record  any  variation  of  temperature 
that  takes  place  during  a  given  period,  and 
indicate  on  the  dial-plate  the  exact  average 
of  all  the  heights  of  the  mercury  in  the 
thermometer.  The  principle  is,  "  that  the 
variations  of  heat  and  cold  affect  the  pen- 
dulum, which  may  be  either  of  the  tubular 
or  gridiron  kind,  and  which  is  so  con- 
*structed  as  to  render  sensible,  in  the  motion 
ef  the  clock,  the  alternate  contractions  and 
dilatations  wliich  it  undergoes."  To  nu- 
merous inquiries  as  to  the  actual  existence 
of  this  instrument,  we  have  never  been  able 
to  give  a  satisfactory  answer.  A  full  de- 
scription was  promised  to  be  given  in  a  sub- 
Sequent  part  of  the  Encyclopaedia, — but 
either  this  was  not  done,  or  it  has  eluded 
more  than  one  attempt  to  find  it. 


To  apply  this  principle  to  the  purpose 
of  marking  mean  temperatures,  M.  Jur- 
gensen first  reverses  the  arrangement 
of  the  metals  in  the  curved  bar,  so  that, 
instead  of  compensating  for  any  varia- 
tion of  temperature,  it  magnifies  the 
effect  of  it ;  he  then  increases  this  sen- 
sibility to  variation  by  adding  a  second 
arc,  and  by  these  means  he  obtains  a 
variation  of  Slj  seconds  for  each  degree 
of  temperature.  It  may  now,  after  a 
little  reflection,  be  conceived,  that  if 
this  instrument  be  compared,  at  two 
distant  instants,  with  a  chronometer 
keeping  regular  time,  we  could  ascer- 
tain, by  changing  the  differences  of 
time  into  degrees,  the  mean  actual 
temperature  of  the  period.  It  would  be 
necessary,  of  course,  previously  to  adjust 
this  instrument  to  the  thermometer,  so 
that  the  march  of  the  two  instruments 
may  be  uniform  and  comparable.  lu 
order  to  render  these  chrono-thermo- 
meters  still  more  useful,  M.  Jurgensen 
adds,  without  much  increasing  their 
hulk,  a  metallic  thermometer,  which 
indicates  present  temperature,  and  this, 
by  the  aid  of  two  slides  upon  it,  is  made 
to  give  also  the  maximum  and  mini- 
mum temperatures  which  may  have 
occurred  between  any  two  instants  of 
observation. 

This  ingenious  instrument,  therefore, 
gives,  on  inspection,— 

1.  The  temperature  of  the  present 
moment. 

2.  The  maximum  temperature  of  the 
period  between  the  present  moment  and 
that  of  any  other  moment  previous  to 
it  which  we  have  selected. 

3.  The  minimum  temperature,  and, 

4.  The  mean  temperature  of  the 
same  period. 

The  principal  objection  that  presents 
itself  to  this  desirable  instrument  is  the 
cost,  which  necessarily  occurs  in  all 
cases  where  chronometers  are  required. 

Indelible  Writing  Ink. 
During  a  recent  discussion  in  the 
Academie  des  Sciences  on  the  merits  of 
some  paper  prepared  to  prevent  the 
fraudulent  removal  of  characters  written 
upon  it,  M.  Dulong  called  to  the  recollec- 
tion of  the  Academy,  that  a  commission 
appointed  by  them  had  demonstrated, 
that  the  surest  means  of  rendering 
written  characters  indelible,  was  to  use 
Indian  ink  dissolved  in  water,  with  a 
slight  mixture  of  some  acid,  more  par- 
ticularly tho  hydrochloric. 
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Paris-ian  Mechanics'  Institution. 

An  Association  for  the  instruction  of 
artificers,  &c.  has  been  in  activity  in 
Paris  for  about  four  years,  and  latterly 
with  remarkable  success. 

The  first  idea  of  it  is  said  to  have 
originated  with  the  late  cielebrated  geo- 
metrician, Monge.  The  members  are. 
principally,  students  of  the  Ecole  Poly- 
technigiie,  and  their  benevolent  and 
enlightened  object  is  the  rational  in- 
struction of  the  working  classes.  The 
following  enumeration  of  the  subjects 
taught  will  show  the  value  and  the  scope 
of  the  labours  of  the  Association. 

1.  The  elements  of  arithmetic,  geo- 
metry, and  drawing  of  the  human 
figure  and  ornament. 

2.  Descriptive  geometry,  its  appli- 
cation to  masonry  and  carpentry  ;  me- 
chanics, drawing  of  machines,  physics, 
and  chemistry. 

3.  Grammar,  book-keeping.  Hygiene 
(the  art  of  preserving  health). 

The  whole  course  embraces  a  com- 
plete system  of  mental  instruction 
adapted  to  the  classes  for  whom  it  is 
intended. 

The  members  of  the  institution  have 
had  the  satisfaction  of  seeing  the  num- 
ber of  workmen  who  avail  themselves 
of  its  advantages  increasing  every  year. 
During  the  winter  of  1834-5  the  courses 
of  geometry  and  of  grammar  had  never 
less  than  200  auditors ;  625  artificers 
were  on  the  lists  for  the  class  of  draw- 
ing. As  spring  advances  and  employ- 
ment increases,  a  sensible  diminution 
in  the  numbers  is  evident, — but  the 
amount  of  the  students,  even  in  summer, 
is  from  900  to  1000 ;  in  the  winter  it  is 
from  1400  to  1500;  they  are  nearly  all 
adults.  The  expense  of  the  lectures, 
&c.  has  been  hitherto  defrayed  by  the 
members  of  the  Association,  and  by 
grants  from  the  Government  and  the 
municipal  authorities  of  Paris. 

Two  capital  Omissions  in  all  the  British 
Systems  of  Public  Instruction. 

There  are  two  subjects  of  public  in- 
struction mentioned  in  the  preceding 
article,  which,  though  evidently  of  the 
highest  importance,  are  never  taught 
in  Great  Britain  ; — we  refer  to  Descrip- 
tive Geometry,  and  Hygiene,  or  the  pre- 
servation of  health,  and  the  prevention, 
not  cure,  of  disease. 

The  astonishing  neglect  of  descriptive 


geometry  in  this  country  we  exposed 
and  remarked  upon  recently  * ;  and, 
unwilling  to  be  merely  querulous  com- 
plainei-s,  we,  at  the  same  time,  com- 
menced an  attempt  to  render,  as  far  as 
may  lie  in  our  power,  this  delightful 
and  extensively  useful  branch  of  science 
better  known  amongst  us. 

It  would  be  a  waste  of  time  to  dwell 
upon  the  vast  importance  of  an  inti- 
mate acquaintance  with  the  means  of 
preserving  health,  and  of  avoiding  dis- 
ease, to  individuals  and  to  society. 

No  limit  can  be  assigned  to  its  bene- 
ficial consequences, — and  yet  how  deplo- 
rably deficient  are  all  our  great  establish- 
ments of  individual  and  professional 
education,  with  respect  to  this  valuable 
species  of  knowledge  !  The  care  of  the 
public  health  is  absolutely  abandoned t, 
until  perhaps  the  nose  or  the  pocket 
of  some  influential  individual  is  affected. 
If  he  raises  the  question  of  a  nuisance, 
how  lamentable  then  is  the  hostile 
array  of  scientific  ignorance.  On  ques- 
tions much  less  complicated  and  obscure 
than  the  effects  of  miasma,  vapours, 
&c.  upon  the  human  body,  there  is  not 
the  slightest  difficulty,  in  any  case,  of 
obtaining  any  number  and  weight  of 
opinions  on  one  side,  and  balancing 
these  by  an  equal  weight  and  number 
on  the  other !  and  so  unsettled  is  the 
general  mind  on  these  subjects,  that 
this  shock  of  evidence,  so  morally 
lamentable,  reflects  no  disgrace  upon 
any  party. 

On  a  threatened  visit  of  a  dangerous 
epidemic,  what  absurdities  are  promul- 
gated and   adopted   as   infallible    pre- 

•  Page  305  of  the  present  volume. 

-f-  Thiuk  of  several  millions  of  gallons 
of  muriatic  acid  gas,  precipitated  weekly 
and  uninterruptedly  from  the  summit  of  a 
lofty  chinmey,  upon  a  crowded  population 
of  a  large  town  !  This  is  now,  and  has  been 
actually  for  years,  the  case  at  Newcastle ; 
happily  for  the  survivors  of  the  imme- 
diate neighbourhood,  if  there  are  any,  it  is 
not  intended  to  continue  much  longer.  A 
process,  recently  patented  by  Mr.  Maugham, 
the  Chemical  Lecturer  at  the  Adelaide- 
street  Gallery,  is  about  to  be  adopted  at 
the  manufactory  in  question.  By  this  pro- 
cess the  gas,  immediately  on  its  evolution, 
is  made  to  enter  into  a  new  combination, 
and,  instead  of  rushing  up  the  chimney  to 
vitiate  a  large  field  -.of  atmosphere,  and 
annoy  the  vicinity,  it  will  never  enter  the 
chimney  at  all,  but  be  instantaneously 
fixed  in  a  saleable  product,  viz.,  chlorate 
of  lime  used  in  bleaching. 
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ventivesor  cures  !  No  intellisrent  |»uide 
or  competent  adviser  is  at  hand,  and  the 
pestilence  may  rage,  not  only  without 
check,  hut  with  aggravated  mischief,  in 
consequence  of  the  general  ignorance. 
It  is  well  when  masses,  as  well  as  in- 
dividuals, profit  by  adversity  and  mis- 
fortune. The  effects  of  the  cholera  at 
Paris  were  severely  felt,  and  though  the 
attacks  of  that  dreadful  visiter  no  pre- 
caution known  can  evade,  yet  it  is  gra- 
tifying to  see  the  authorities  of  Paris, 
roused  by  the  terrors  which  it  produced, 
sparing  no  cost,  no  labour,  to  remove 
causes  supposed  to  be  favourable  to  its 
extension.  The  general  attention  is 
now  sensibly  alive  in  that  metropolis  to 
the  advantages  of  cleanliness,  drainage, 
and  ventilation,  and  we  have  little  doubt 
that  this  excellent  idea  of  teaching  the 
principles  of  Hygiene  to  the  workmen 
who  attend  this  institution  suggested 
itself  at  the  same  epoch. 

It  is  fortunate  that,  though  discoveries 
in  this  important  science  may  I'equire  the 
united  assistance  of  several  others,  and 
the  subtlest  investigation  of  their  most 
intelligent  cultivators,  yet  its  practice 
may  often  be  reduced  to  measures  of 
mere  precaution,  and  generally  to  opera- 
tions of  great  ease  and  simplicity.  A 
more  popular  or  interesting  subject 
could  scarcely  be  suggested  to  the  many 
able  lecturers  who  so  frequently  address 
the  numerous  auditories  of  every  class 
during  a  London  winter.  And  let  us 
ask,  why  should  not  a  science  which 
would  so  essentially  and  largely  con- 
tribute to  the  happiness  of  all  mankind, 
be  taught  from  a  Chair  in  every  univer- 
sity and  public  school  ?  What  immense 
fields  are  there  for  its  exercise  in  our 
crowded  manufactories,  our  mines,  our 
prisons,  our  ships,  our  over-peopled 
districts,  indeed,  in  evei-y  single  dwell- 
ing, and  in  the  habits  and  daily  life  of 
every  individual ! 

Tfie  Botanical  Society  of  London, 

The  friends  of  botanical  science,  which 
we  recently  mentioned*  as  likely  to 
embody  themselves  into  a  society,  have 
finally  done  so,  under  the  title  of  The 
Botanical  Society  of  London. 
They  meet  at  their  rooms,  1 1,  John 
Street,  Adelphi,  every  alternate  Thurs- 
day, at  8,  P.M.  The  anniversary  of  the 
society  is  fixed  for  the  29th  of  No- 
vember, that  being  the  birth-day  of  the 

•  See  p.  321. 


celebrated  English  botanist,  Ray.  It 
is  with  pleasure  that  we  insert  the  fol- 
lowing passage  from  the  prospectus  of 
this  association: — "Ladies  are  eligible 
as  members,  it  being  well  known  that 
there  are  many  who  have  devoted  tlicir 
attention  with  success  to  this  delightful 
study,  and  whose  occupations  often 
leave  them  much  leisure  for  observation 
and  research." 

Number  of  British  Species  of  Plants. 

The  number  of  species  of  plants  found 
in  Great  Britain  is  about  1500.  This 
comprises  all  those  which  exist  in  Lap- 
land and  Sweden,  with  scarcely  any 
exception.  It  includes  about  three- 
fourths  of  those  which  grow  in  Ger- 
many, and  about  two- fifths  of  those  of 
France ;  the  southern  and  sea-board 
provinces  of  the  latter  country  adding 
greatly  to  the  variety  of  its  vegetable 
productions. 

The  vicinity  of  London  may  be  con- 
sidered extremely  rich  in  objects'  of 
botanical  research;  for  of  the  1500 
species  of  plants  belonging  to  Great 
Britain,  about  1000  may  be  found  within 
25  miles  of  the  metropolis.  Mr.  Irvine 
has  observed  670  of  them  within  two 
miles  of  Hampstead,  and  900  within 
the  same  distance  from  Croydon.  Thus 
there  are  great  inducements  to  the 
inhabitant  of  this  smoky  city  to  issue 
from  its  loaded  atmosphere,  and  pursue 
the  delightful  and  healthy  researches  of 

the  botanist. Irvine,  Meeting  of  the 

Botanical  Society  of  London,  Nov.  1836. 

Bored  Well  at  Grenelle. 

The  well  now  boring  in  the  slaughter- 
house (abattoir)  of  Grenelle,  near 
Paris,  had  in  September  last  been 
carried  down  to  a  depth  of  1150  feet. 
When  about  lOOO  feet  deep,  the  tem- 
perature at  the  bottom  of  the  bore  was 
72°  Fahr. ;  at  the  surface  of  the  ground 
it  was  54''  only. 

Geological  Co-operation. 

"  Is  the  granite  on  the  right  bank  of 
the  Elbe,  in  Saxony,  more  recent  than 
the  chalk?"  has  long  been  a  fertile 
source  of  dispute  among  German  geolo- 
gists. Dr.  Cotta,  who  had  examined 
the  country  with  MM.  Humboldt  and 
Rose,  has  written  largely  upon  it,  but 
argues  that,  to  arrive  at  any  degree  of 
certainty  upon  the  subject,  explorations 
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beneuth  the  surface  are  desirable.  At 
the  late  scientific  meeting  at  Jena  this 
proposition  met  with  a  favourable  recep- 
tion, and  Dr.  Cotta  has,  in  consequence, 
undertaken,  by  aid  of  subscriptions,  to 
make  the  excavations,  &c.  necessary  to 
ascertain  the  fact.  He  invites  the  geo- 
logists of  all  countries  to  co-operate  in 
accomplishing  the  work. 

The  objects  to  be  obtained  are, — 

1.  To  determine,  by  excavations,  and 
borings  in  the  valley  of  Polenz,  in  what 
manner  the  granite  is  superposed  upon 
the  Gres. 

2.  To  expose  to  view,  on  the  road 
from  Rotherwalde  to  Hohnstein,  on  the 
right  slope  of  the  valley  of  Polenz,  the 
boundary  of  the  granite  and  the  gres, 
in  order  that  accurate  observations  may 
then  be  made  of  their  reciprocal  penetra- 
tion, if  such  exists,  and  of  the  phe- 
nomena of  their  contact. 

3.  Finally,  to  examine  the  geolo- 
gical circumstances  of  the  Jurassic  and 
free-stone  (quader-sandstein)  strata. 

Each  subscriber  of  a  conventions- 
thaler  (about  4s.  Eng.)  is  considered 
as  the  holder  of  a  share ;  this  will  en- 
title him  to  a  pamphlet,  descriptive  of 
the  operations  and  their  results,  with 
engravings,  and  an  account  of  the  ex- 
penditure. 

The  cost  is  thus  estimated : — 
Object  No.  ],  from  £10  to  £30. 

2,  „      £  4  to  £  6. 

3,  „      £20  to  £30. 
Printing,  engraving, 

and  paper    .     .     £14  to  £16. 

£48        £82 

Many  distinguished  geologists  have 
become  subscribers ;  among  others, 
MM.  Humboldt,  Weiss,  Leonhard, 
Naumann,  Rose,  Noeggerath,  &c. 

Danger  of  Calomel.    Medico-Botanical 
Society's  subject  for  Gold  Medal. 

**  Amongst  the  chemical  preparations 
that  have  attained  great  celebrity  is 
calomel,  a  medicine  which  enfeebles  all 
the  vital  powers,  and  which  may  from 
that  circumstance  derive  its  efficacy  in 
subduing  active  inflammation;  but  its 
operation  is  eminently  injurious  ;  and  it 
cannot  be  sufficiently  deplored  that  it 
should  be  rashly  and  ignorantly  em- 
ployed as  a  domestic  remedy,  and  even 
as  an  ordinary  aperient,  instead  of  being 
reserved  solely  for  thost  disorders  which 


might  seem  to  require  it,  under  the 
advice,  and  by  the  authority,  of  a  medical 
practitioner.  As  it  is  frequently  thus 
misapplied,  and  as  fashion,  which  is  so 
often  synonymous  with  folly,  has  pro- 
moted its  use  even  in  the  tender  age  of 
infancy,  we  cannot  be  surprised  that 
nervous  disorders  are  common,  that 
bodily  vigour  and  mental  energy  are 
impaired,  and  that  cases  of  insanity 
have  become  more  numerous.  An  emi- 
nent physician,  whose  experience  in 
such  cases  was  very  extensive,  and 
whose  opinions  were  founded  upon  accu- 
rate observations,  assured  me  that  in- 
sanity had,  in  many  instances,  arisen 
from  the  injudicious  employment  of 
calomel;  and  such  must  naturally  be 
the  result,  when  both  the  mind  and  the 
body  are  debilitated  by  factitious  means, 
when  the  infirmities  of  old  age  are  pre- 
maturely produced,  when  life  becomes 
languid,  and  the  power  no  longer  exists 
of  enjoying  the  gifts  of  Providence,  and 
of  sustaining  with  composure  the  cares 
and  vexations  of  our  earthly  pilgrimage. 
Under  such  circumstances,  an  infirmity 
may  become  intolerable,  and  the  mental 
faculties  may  be  disturbed,  if  not  de- 
stroyed ;  but  even  when  such  lamentable 
consequences  do  not  ensue,  a  shattered 
constitution,  a  sort  of  nominal  existence 
in  a  melancholy  and  miserable  state  of 
dejection  and  debility,  with  enfeebled 
nerves  and  almost  exhausted  powers, 
may  be  more  afflicting  to  the  patient 
than  a  chronical  disorder.  It  will  be 
said,  and  I  am  ready  to  admit,  that  a 
mercurial  preparation  has  not,  in  an 
equal  quantity,  the  same  action  on 
different  individuals,  and  that  some 
persons  are  more  susceptible  than  others 
of  its  injurious  effects;  but  this  circum- 
stance furnishes  an  additional  argument 
against  the  unnecessary  administration 
of  such  a  remedy,  since  its  power,  in 
any  particular  case,  can  be  learned  only 
from  experience,  and  is  sometimes  found 
to  be  greater  than  was  expected  or 
wished  by  the  physician.  So  extensive 
is  the  misuse  of  mercurial  preparations, 
and  so  injurious  are  their  ultimate 
operation,  that  it  has  been  most  properly 
determined,  by  the  Council  of  this 
Society,  to  offer  the  gold  medal  for  the 
best  Essay  on  the  question,  "  What  is 
the  vegetable  substance  which  could  be 
employed  with  success  as  a  substitute 
for  mercury  in  the  cure  of  syphilis,  or 
of  diseases  of  the  liver  ?" 

"  It  would  be  of  extreme  importance  if 
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effectual  substitutes  could  be  discovered 
for  those  medicines  which,  from  their 
potency,  may  be  dangerous,  if  not  fatal, 
when  they  are  misapplied,  and  which, 
even  when  they  remove  a  disorder,  may 
produce  permanent  injury  to  the  patient. 
That  such  substitutes  may  be  found  in 
some  disorders,  was  shown  in  a  case 
which  came  under  my  personal  observa- 
tion, of  a  lady  to  whom  I  was  related, 
and  who  had  been  accustomed,  for  the 
purpose  of  allaying  the  pain  arising 
from  an  internal  complaint,  to  take 
opium,  of  which  the  dose  was  gradually 
increased  till  it  amounted  to  a  consider- 
able quantity  ;  but  it  was  last  discovered, 
though  it  was  then  too  late  to  remedy 
the  evils  which  had  been  thus  occasioned, 
that  the  same  relief  was  experienced 
from  drinking  soda  water.  Nothing 
would  more  contribute  to  the  advance- 
ment of  medical  science,  to  the  honour 
of  the  medical  profession,  and  to  the 
benefit  of  patients,  than  the  cure,  by 
safe  and  simple  means,  of  difficult  or 
dangerous  diseases,  instead  of  employ- 
ing, as  is  too  frequently  done,  and  even 
in  cases  of  a  different  description,  sub- 
stances which  are  powerful,  but  poi- 
sonous,   and   therefore   pernicious." 

Earl  Stanhope,  Address  to  Medico- 
Botanical  Society,  1836. 

Great  Central  Heat  of  the  Earth  nut 
alarming. 

"  It  appears,  that  if  there  be  an  increase 
of  temperature  in  descending,  such  a 
fact  can  result  from  nothing  but  a 
central  heat,  independent  of  existing 
influences. 

*'  The  discussion  of  the  evidence  of 
this  fact  must  be  left  to  the  geological 
speculator ;  but  we  may  here  mention 
some  of  the  results  of  theory,  which  are 
fitted  to  make  less  formidable  the  idea 
of  having  a  vast  abyss  of  incandescent 
matter,  within  the  comparatively  thin 
crust  of  earth  on  which  man  and  his 
works  are  supported.  It  results  from 
Fourier's  Analysis*,  that  at  124  miles 
deep  the  earth  may  be  actually  incan- 
descent, and  yet  that  the  effect  of  this 
fervid  mass  upon  the  temperature  at 
the  surface  may  be  scarcely  a  percep- 
tible fraction  of  a  degi-ee.  The  slowness 
with  which  any  heating  or  cooling 
effect  would  take  place  through  a  solid 
crust,  is  much  greater  than  might  be 
supposed.    If  the  earth,  below  33  miles 

•  Bull,  des  Set.,  1820,  p.  68. 


deep,  were  i-eplaced  by  a  globe  of  a 
temperature  500  times  greater  than 
that  of  boiling  water,  200,000  years 
would  be  required  to  increase  the  tem- 
perature of  the  surface  one  degree!'. 
A  much  smaller  depth  would  make  the 
effect  on  the  superficial  temperature  in- 
sensible for  2000  years.  It  is  calcu- 
lated, moreover,  that  from  the  rate  of 
increase  of  temperature  in  descending, 
the  quantity  of  central  heat  which 
escapes  in  a  centuiy,  through  a  square 
metre  (about  3  feet  2|  inches  by  3  feet 
2|  inches,)  of  the  earth's  surface,  would 
melt  a  column  of  ice,  having  that  metre 
for  its  base,  and  3  metres  (9  feet  S 
inches)  high." — Whewell,  Report  on 
Electricity,  Sfc. ;  Dublin  Session,  Bri- 
tish Association,  1835. 

Estimate  of  Solar  Heat  imparted  to 
the  Earth. 

It  may  be  curious  to  contrast  the  effect 
of  the  heat  ascending  to  the  earth's 
surface,  as  stated  in  the  article  preceding, 
with  that  annually  poured  down  upon  it 
by  the  sun.  This  is  estimated  by  PouillefJ 
to  be  sufficient  to  melt  a  coat  of  ice, 
14  metres  thick,  (about  46  Eng.  feet,) 
incrusting  the  whole  globe  of  the  earth. 

Progressive  Rise  of  a  Portion  of  the 
Bottom  of  the  Mediterranean. 

M.  Theodore  "Virlet  lately  addressed 
a  note  to  the  French  Academie  des 
Sciences,  in  which  he  directs  the  atten- 
tion of  geologists  to  the  probability  of 
the  speedy  appearance  of  a  new  island 
in  the  Grecian  Archipelago,  in  conse- 
quence of  the  progressive  rise  of  a 
sunken  solid  rock  (composed  of  trachytic 
obsidian  ?)  in  the  gulf  of  the  volcano  of 
Santorin.  The  following  are  the  author's 
observations  on  this  subject: — "Towards 
the  end  of  the  last  century,  at  the  period 
when  Olivier  visited  Santorin,  the  fish- 
ermen of  the  island  asserted  that  the 
bottom  of  the  sea  had  recently  risen 
considerably  between  the  island  of  Little 
Kaimeni  and  the  port  of  Thera ;  in  fact, 
the  soundings  did  not  give  a  greater 
depth  than  fifteen  to  twenty  fathoms, 
where  formerly  the  bottom  could  not  be 
reached.  When  Colonel  Bory  and  the 
author  visited  the  island  in  1829,  they 
were  able  not  only  to  confirm  the  truth 
of  Olivier's  statement,  but  also  to  ascer- 
tain, by  various  soundings,  that  the  rise 

-|-  Mem.  Inst,  Tom.  vii.  p.  603. 
t  Tom.  ii.  p.  704. 
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of  the  submarine  land  had  continued, 
and  that  at  the  point  indicated  the  depth 
was  not  more  than  four  fathoms  and  a 
half.  In  1830  the  same  observers  made 
new  soundings,  which  enabled  them  to 
determine  the  form  and  extent  of  the 
mass  of  rook,  which  in  less  than  a  year 
had  been  elevated  half  a  fathom.  It 
was  found  to  extend  nearly  900  yards 
from  east  to  west,  and  about  550  from 
north  to  south.  The  submarine  surface 
deepened  gradually  to  the  north  and 
west,  from  four  to  twenty-nine  fathoms; 
on  the  east  and  south  this  increased  to 
forty-five  fathoms.  Beyond  this  Hmit 
the  soundings  indicated  in  all  directions 
a  very  great  depth.  I  have  lately  been 
informed  that  Admiral  Lalande,  who, 
since  1830,  has  twice  returned  to  San- 
torin,  has  ascertained  that  the  rock  still 
continues  to  rise;  and  that,  in  Septem- 
ber 1835,  the  date  of  his  last  visit,  the 
depth  of  water  amounted  to  only  two 
fathoms ;  so  that  a  sunken  reef  now  exists 
which  it  is  dangerous  for  brigs  to 
approach.  If  the  rock  continues  to  rise 
at  the  same  rate,  it  may  be  calculated 
that  in  1840  it  will  form  a  new  island. 
Since  the  eruptions  of  1707  and  1712, 
which  produced  the  new  Ka'imeni, 
volcanic  phenomena  have  completely 
ceased  in  the  gulf  of  Santorin,  and  the 
volcano  seems  at  the  present  day  quite 
extinct.  Nevertheless,  the  rise  of  a 
poi'tion  of  its  surface  seems  to  demon- 
strate continual  eflforts  during  fifty  years 
to  make  an  eruption ;  and  that,  when- 
ever the  resistance  shall  not  be  strong 
enough  to  offer  a  sufficient  obstacle,  the 
volcano  will  again  resume  its  activity." 

French  Scientific  Congress,  1836. 

The  Fourth  Session  of  the  Scientific 
Congress  of  France  commenced  on  the 
1 1th  of  September  at  Blois,  and  termi- 
nated on  the  21st.  About  200  mem- 
bers, natives  of  France,  were  present. 
There  were  several  English,  German, 
Belgic,  and  Spanish  visiters,  and, 
among  the  rest,  several  ladies. 

The  business  of  the  Congress  was 
pursued  with  such  zeal,  that,  during 
nearly  the  whole  of  the  session,  several 
sections  met  twice  a  day,  and  very  fre- 
quently the  afternoon  sitting  was  con- 
tinued till  late  in  the  evening ;  but, 
notwithstanding,  a  day  more  than  the 
prescribed  period  was  required  to  bring 
up  arrears,  and  was  unanimously  agreed 
to.  The  Fifth  Session  will  be  held  at 
Metz  in  the  early  part  of  Sept.  1837. 


Substitutes  for  costly  Drugs. 

"It  is  well  known  that,  in  some  instances, 
drugs  which  are  vended  under  the  same 
name,  and  might  be  supposed  to  be 
similar  in  their  efi^ects,  are  so  different 
in  their  qualities  and  powers,  that  the 
administration  of  them  is  attended  with 
much  uncertainty,  and,  therefore,  with 
considerable  danger.  The  same  pre- 
scription may,  in  cases  exactly  similar, 
produce,  from  the  dissimilarity  in  the 
properties  of  the  drug  that  is  employed, 
either  the  cure  or  the  fatal  termination 
of  the  malady ;  and  the  accurate  dis- 
crimination of  the  drugs  which  are 
genuine  from  those  which  are  of  inferior 
quality,  is  of  the  utmost  importance  to 
those  by  whom  they  are  compounded, 
as  well  as  to  those  by  whom  they  are 
administered.  I  speak  from  very  high 
authority  when  I  state,  that  of  some 
drugs  which  are  vended  in  this  country, 
only  four  parts  in  a  hundred  are  of  the 
best  quality,  and  are  consequently  pos- 
sessed of  their  full  efficacy,  while  the 
other  ninety-six  parts  contain,  in  some 
instances,  only  one-half  the  quantity  of 
the  active  principles  which  ought  to 
belong  to  them.  I  am  assured,  that  of 
the  colocynth  imported  into  this  coun- 
try, only  one-hundredth  part  is  of  the 
best  quality;  that  there  isof  scammony, 
of  the  Peruvian  bark,  and  of  rhubarb, 
only  a  very  small  proportion ;  but  that 
there  is  of  ipecacuanha  and  of  sarsa- 
parilla  a  larger  proportion,  and  a  larger 
still  of  jalap ;  and  all  of  these  are,  I 
need  not  say,  very  important  medicines, 
which  are  frequently  administered.  If 
all  of  them  were  of  an  inferior  quality, 
they  would,  of  course,  be  far  less  effi- 
cacious, but  there  would  not  be  the 
same  difficulty  and  danger  in  employ- 
ing them,  as  is  now  experienced  from 
the  inequality  in  their  power,  and,  con- 
sequently, from  the  uncertainty  in  their 
operation. 

"  The  great  difference  of  price  between 
those  of  the  best  and  those  of  an  in- 
ferior quality,  offers  a  strong  inducement 
to  use  the  latter ;  and  it  would  be  an  in- 
estimable advantage  to  the  art  of  medi- 
cine if  satisfactory  substitutes  for  them 
could  be  discovered  amongst  the  plants 
which  are  indigenous  to  this  country. 
An  admirable  paper  of  Dr.  Rousseau* 
proves  incontestably  that  in  the  cure  of 
intermittent  fevers  holly  is  preferable  to 

•  Rewarded  by  this  Society  with  their 
silver  medal. 
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the  Peruvian  bark;  there  is  reason  to 
believe  that  rhubarb  of  a  good  quality 
could  be  produced  in  this  country,  and 
that  elm  bark  may  supply  the  place  of 
sarsaparilla ;  and  it  deserves  further 
inquiry,  whether  the  juice  of  the 
Euphorbia  Cyparissias  could  not  be 
used  instead  of  scammony,  and  the 
seeds  of  the  Atriplex  angustifoUa 
instead  of  ipecacuanha.  The  analysis 
of    these    common    indigenous    plants 

would  be  highly  interesting." Earl 

Stanhope,  Address  to  the  Medico- 
Botanical  Society,  1836. 

The  Level  of  the  Caspian  Sea  much 
below  that  of  the  Ocean. 

In  1814  Messrs  Engelhardt  and  Parrot 
attempted  to  determine,  by  means  of  the 
barometer,  if,  as  was  long  ago  supposed, 
the  waters  of  the  Caspian  Sea  are  less 
elevated  than  those  of  the  Mediterra- 
nean and  the  Ocean.  The  mean  of  three 
determinations  gave  a  difference  in  this 
respect  of  320  feet.  But  subsequently 
M.  Parrot  having  thrown  some  doubt  on 
the  result  of  the  observations  made 
in  1814,  M.  Erman  has  taken  up  the 
subject,  and  the  following  is  the  result 
of  his  investigations: — Barometrical 
observations  made  for  seven  years  at 
Kasan,  compared  with  correspondmg 
observations  made  during  the  same 
period  at  Dantzig,  give  104  feet  as 
the  height  of  the  former  town  above  the 
level  of  the  Baltic.  This  result  is  con- 
firmed by  six  years"  observations  at 
Mittau.  Hence,  with  the  assistance  of 
levelling,  M.  Erman  concludes  that  the 
height  of  the  junction  of  the  Kasanka 
with  the  Volga  is  only  29  feet  above 
the  Baltic.  Thus,  in  order  that  there 
should  be  a  coincidence  between  the 
levels  of  the  Caspian  and  the  Baltic,  it 
would  be  necessary  that,  in  the  extent 
of  1470  miles,  between  Kasan  and 
Astracan,  the  descent  of  the  river 
should  not  be  more  than  29  feet, 
which  seems  inadmissible.  The  de- 
scent of  the  Volga  from  Torjok  to 
Kasan,  in  an  extent  of  690  miles,  has 
been  measured.  Supposing  that  in  the 
remainder  of  its  course  the  river  fol- 
lows the  same  law,  M.  Erman  has  ascer- 
tained that  the  depression  of  the  Cas- 
pian Sea,  compared  with  the  Baltic, 
would  be  275  feet, — a  result  which 
'  does  not  differ  much  from  that  (320 
feet)  obtained  by  Messrs.  Engelhardt 
and  Parrot. 


Diamond-making  anticipated. 

According  to  the  following  extract 
from  a  letter  addressed  by  M.  Theodore 
Virlet  to  M.  Arago,  another  labourer 
in  the  vast  field  of  chemical  science 
appears  to  be  approaching  to  the  same 
point  as  Mr.  Cross,  but  by  a  diflferent 
route. 

"  Who  does  not  know  how  many 
facts,  perhaps  among  the  most  difficult 
to  comprehend  previously,  have  already 
been  explained  by  the  excellent  re- 
searches of  M.  Becquerel  in  electrical 
chemistry,  and  the  important  labours  of 
M.  Fournet  regarding  the  formation  of 
veins?  Numerous  other  facts,  although 
not  yet  fully  explained,  have  been 
brought  forward,  and  admitted  without 
dispute.  For  example,  I  have  proved 
that  the  emery  of  Naxos  comes  from 
veins,  and,  consequently,  had  been 
formed,  like  the  greater  nnmber  of 
specular  iron  ores,  by  means  of  volatili- 
zation and  sublimation ;  yet  the  co- 
rundum and  oxide  of  iron,  the  mixture 
of  which  constitutes  emery,  are  not 
more  volatile  than  the  carbonate  of 
magnesia,  which  forms  the  subject  of 
dispute. 

"  Since  our  chemical  knowledge,  then, 
does  not  always  enable  us  to  explain 
the  phenomena  whose  existence  we  can 
prove,  does  it  follow  that  we  ought  to 
call  them  in  question  ?  Has  nature  no 
mode  of  acting  which  surpasses  our 
knowledge  ?  And  could  she  not  pro- 
ceed, for  instance,  by  means  of  double 
chemical  decomposition  ?  On  this  sup- 
position, the  phenomenon  (dolomisatton) 
will  admit  of  easy  explanation.  It  is  well 
known  that  all  the  muriates  are  volatile, 
or  at  least  susceptible  of  sublimation. 
Magnesia  might  then  easily  reach  the 
state  of  a  muriate,  and  occasion  the  for- 
mation of  a  soluble  hydrochlorate  of  lime, 
which  would  be  carried  off  by  the  in- 
filtration of  water ;  while  the  magnesia, 
on  the  contrary,  would  be  combined 
with  that  portion  of  the  carbonic  acid 
set  at  liberty,  and  would  thus  serve  to 
form  the  double  carbonate  of  magnesia 
and  of  lime,  which  constitutes  dolomite, 
properly  so  called.  In  this  there  is 
certainly  nothing  inadmissible  or  con- 
trary to  reason,  inasmuch  as  the  hydro- 
chloric acid  gas  is  one  of  the  gases  most 
frequently  disengaged  from  volcanoes, 
and  the  muriates  ought  to  have  been 
disengaged  more  abundantly  in  former 
times,  if  we  admit,  with  geologists  of 
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the  modern  school,  that  the  immense 
deposits  of  rock-salt  which  exist  in 
saliferous  formations  are  deposited  by 
volatilization,  in  the  midst  of  the  strata 
which  they  penetrate. 

"I  am,  therefore,  of  opinion  that  the 
modifications  of  rocks  of  the  second 
class  may  henceforth  be  all  explained 
by  means  of  double  decomposition, — a 
process  which  has  enabled  one  of  ray 
friends,  M.  Aime,  to  produce,  in  the 
laboratory,  crystallized  specular  iron  ore, 
analosxous  to  that  of  the  Islau'l  of  Elba, 
as  well  as  pure  iron  equally  well  crys- 
tallized,— a  substance  hitherto  unknown 
to  mineralogists:  whence  I  conclude, 
that  the  time  is  not  perhaps  far  distant, 
when  we  shall  be  able  to  produce  with 
ease  all  the  species  of  precious  stones, 
without  even  excepting  the  diamond." 

Fossil  Ferns. 

The  following  general  conclusions  re- 
garding the  geological  and  geographical 
distribution  of  fossil  ferns,  are  contained 
in  a  recent  Memoir  by  Professor  Goppert. 
The  beds  of  the  coal  formation  contain 
the  largest  number  of  fossil  ferns,  viz. 
183;  while  the  muschelkalk,  and  the 
chalk  and  tertiary  formations,  contain 
the  smallest  number.  The  total  num- 
ber of  these  fossil  vegetables  at  present 
known  amounts  to  253 ;  of  which  92 
have  been  found  in  Silesia,  29  in  Bohe- 
mia, 56  in  the  other  countries  of  Ger- 
many, 49  in  France  and  Belgium,  89  in 
Great  Britain,  3  in  Denmark  and  Swe- 
den, 1  in  Italy,  1 1  in  North  America,  1 
in  Holland,  and  4  in  the  East  Indies. 
The  ferns  that  are  the  most  widely  dis- 
tributed on  the  globe  are  the  following: 
— Alefhopteris  Serlii  (in  England, 
France,  Silesia,  Pennsylvania),  Neu- 
ropteris  angustifolia,  and  N.  abutifolia 
(in  England,  Bohemia,  Silesia,  Penn- 
sylvania), and  N.  Lohsii  (in  England, 
France,  Belgium,  in  the  districts  of  the 
middle  Rliine,  in  Bohemia,  and  Silesia). 
Most  of  the  ferns  of  the  Jura  forma- 
tion occur  in  England.  The  number  of 
fossil  ferns  amounts  nearly  to  a  third  of 
the  total  number  (800)  of  fossil  vege- 
tables at  present  known.  But  it  is  very 
probable  that  we  are  acquainted  with 
but  a  small  portion  of  these  fossils. 
Several  genera  of  ferns  belong  exclu- 
sively to  one  or  to  two  formations. 
Fossil  ferns,  of  all  formations,  with- 


out even  excepting  those  of  the  chalk 
and  the  Molasse,  present  a  striking 
resemblance  to  the  tropical  species  of 
ferns,  but  none  to  those  of  temperate 
and  cold  climates.  One  of  the  prin- 
cipal conclusions  to  be  drawn  from  the 
geological  distribution  of  fossil  ferns  is, 
that  each  formation  has  particular  spe- 
cies, which  differ  essentially  from  those 
of  other  formations.  To  this  there  are 
very  few  exceptions.  Silesia  is  remark- 
able for  its  extremely  rich  fossil  flora, 
for  no  less  than  230  species  have  already 
been  found  in  that  country.  The  fossil 
flora  of  England  resembles  greatly  that 
of  Silesia.  Excepting  the  genus  Stig- 
maria,  which  is  common  to  the  transi- 
tion and  the  coal  formations,  no  species 
has  been  found  in  two  formations. 
Finally,  it  is  remarkable  that  dicotyle- 
dons and  junci  occur  both  in  the  most 
ancient  and  in  the  most  modern  depo- 
sits,—a  fact  which  tends  to  prove  that 
there  is  little  foundation  for  the  opinon 
that  at  the  earliest  epochs  cellular 
plants  only  existed,  afterwards  monoco- 
tyledons, and  then  at  a  later  period 
dicotyledons. 

Light  indefinitely  produced. 

M.  Cauchy  had  been  led,  theoretically, 
to  anticipate,  that  near  the  limit  of  total 
reflection  in  a  prism  refraction  takes 
place,  with  a  vast  increase  in  the  inten- 
sity of  the  incident  ray  of  light.  He 
has  since  verified  it  experimentally. 
The  most  astonishing  results  may  be 
expected  to  ensue  from  this  extraordi- 
nary fact,  since  it  would  appear  from 
it,  that  light,  however  small  in  quantity, 
may  be  magnified  indefinitely. 

Patent-Law  Grievance.   No.  IX. 

The  penalties  inflicted  on  the  inventive 
genius  of  Britain  during  the  present 
year,  up  to  the  25th  ult.,  in  the  shape  of 
government  stamps  and  fees  on  patents, 
amount  to  more  than  £38,000! 

N.B.  This  sura  has  been  paid  in 
ready  money,  on  taking  the  first  steps, 
and  as  many  of  the  inventors  are  poor 
men,  (operatives,)  and  a  great  many 
others  of  them  persons  to  whom  it  would 
be  Very  inconvenient  to  pay  at  least 
£  100  down,  they  have  been  obliged  to  go 
into  debt,  or  mortgage  or  dispose  of  their 
inventions,  either  wholly  or  in  part,  &c. 
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N.  B.— The  first  Date  annoxert  to  each  Patent,  is  that  on  which  it  was  sealed  and  granted ;  the  second 

that  on  or  before  which  the  Specification  must  be  delivered  and  enrolled. The  abbreviation  if-or. 

Comm.,  si-nifles  that  the  invention,  &c.,  is  "  a  communication  from  a  foreigner  residing  abroad. 


October  cont. 

241.  Jeremiah  Crook,  Liverpool,  Lane, 
Merchant ;  for  improvements  in  the  ma- 
chinery for  manufacturing  hat  bodies.  Oct. 
28.— April  28.     For.  Comm. 

242.  Thomas  Edge,  Great  Peter-street, 
Westm.,  Gas-apparatus  and  Lamp  Manu- 
facturer; for  improvements  in  lighting  or 
illuminating  by  gas,  oil,  or  spirit-lights,  or 
lamps.   Oct.  28. — April  28.    For.  Comm. 

Total,  October...  18. 

November. 

243.  Robert  Copland,  Courlands, 
Wandsworth-rd.,  Surry,  Esq. ;  for  im- 
provements upon  patents  already  obtained 
by  him,  for  combinations  of  apparatus  for 
gaining  power.     Nov.  5. — May  5. 

244.  James  Elnathan  Smith,  Liverpool, 
Lane,  Merchant;  for  improvements  in 
railways,  and  on  locomotive  carriages  to 
work  on  such  railways.  Nov.  8. — June  8. 
For.  Comm. 

245.  John  Whitcher,  Ringwood,  Hants, 
Carrier ;  for  improvements  in  drags  or  ap- 
paratus applicable  to  carriages.  Nov.  8. — 
May  8. 

246.  James  Smith  the  younger,  and 
Francis  Smith,  Radford,  Nott.,  Mecha- 
nics ;  for  improvements  in  certain  ma- 
chinery already  known,  for  making  bobbin- 
net,  or  twist  lace.     Nov.  8. — May  8. 

247.  Joel  Livsey,  Bury,  Lane.,  Cotton 
Spinner;  for  improvements  in  machinery 
used  for  spinning,  preparing,  and  doubling 
cotton  and  other  fibrous  substances.  Nov. 
10.— May  10. 

248.  Bertie  Paterson,  Peacock-street, 
Newington,  Surry,  Engineer ;  for  improve- 
ments in  the  construction  of  meters  or  ap- 
paratus for  measuring  gas  or  liquids.  Nov. 
12.— May  12. 

249.  Henry  Augustus  Wells,  New 
York,  but  now  of  Threadneedle-st.,  Lon- 
don; for  his  improvements  in  the  manu- 
facture of  hats.     Nov.  15. — Jan.  15. 

250.  Fletcher  Woolley,  York-st.  East, 
Gommercial-rd.,  Middx.,  Gent. ;  for  im- 
provements in  the  manufacture  or  prepa- 
ration of  materials  to  be  used  as  a  substi- 
tute for  bees' -wax,  parts  of  which  improve- 
ments are  appUcable  to  other  purposes. 
Nov.  15, — May  15. 


251.  John  Yule,  Glasgow,  Practical 
Engineer ;  for  improvements  in  rotatory  en- 
gines, or  an  improved  rotatory  engine.  Nov. 
15.— May  15. 

252.  Augustus  Applegath,  Crayford, 
Kent,  Calico  Printer ;  for  improvements  in 
printing  calico  and  other  fabrics.  Nov.  15. 
—May  15. 

253.  Joseph  Whitworth,  Manchester, 
Lane,  Engineer;  for  improvements  in  ma- 
chinery for  spinning  and  doubling  cotton- 
wool, and  other  fibrous  substances,  Nov. 
19.— May  19. 

254.  William  Norris,  Alston,  Cumb., 
Land  Surveyor;  for  improvements  in  the 
manufacture  of  combs.  Nov,  19. — May  19. 
For.  Comm. 

255.  John  Gordon  Campbkll,  Glasgow, 
Lanark,  Merchant,  and  John  GmsoN,  of 
the  same  place,  Throwster;  for  a  new  or  im- 
proved process  or  manufacture  of  silk,  and 
silk  in  combination  with  certain  other  fibrous 
substances.     Nov.  19. — May  19. 

256.  John  Buchanan,  Ramsbottam, 
Lane,  Millwright ;  for  an  improved  appa- 
ratus for  the  purpose  of  dyeing,  and  per- 
forming similar  operations.  Nov.  22. — 
May  22. 

257.  Thomas  Robson,  Park-rd.,  Dalston, 
Middx.,  Operative  Chemist ;  for  improve- 
ments in  firing  signal  and  other  lights.  Nov. 
22.— May  22. 

258.  George  Guynne,  Holborn,  Gent. ; 
and  James  Young,  Brewer,  Brick-lane, 
Middx.  ;  for  improvements  in  the  manu- 
facture of  sugars.     Nov.  22. — Jan.  22. 

259.  Isaac  Naylor,  Stainsbrough,  near 
Bamsley,  York,  Gamekeeper;  for  an 
alarum  gun,  or  reporter  and  detector.  Nov. 
22.— May  22. 

260.  Timothy  Hackworth,  New  Shil- 
don,  near  Bishop  Auckland,  Engineer ;  for 
improvements  in  steam-engines.  Nov,  22. 
—May  22. 

261.  Thomas  Ellis,  Stamford  Hill, 
Middx.,  Esq.,  and  Thomas  Burr,  Shrews- 
bury, Shropshire ;  for  improvements  in  the 
manufacture  of  sheets  and  pipes,  or  tubes, 
and  other  articles  of  lead  and  other  metals. 
Nov,  24. — May  24. 

262.  Joseph  Woollams,  Wells,  Som., 
Gtent. ;  for  improved  means  of  obtaining 
power  and  motion  from  known  sources. 
Nov.  24.— May  24. 
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SCIENTIFIC  ALMANACS. 


The  Nautical  Almanac;  Connaissance  des  Terns;  Astronomisches  Jahr- 
buch  [Berlin) ;  Annuaire  du  Bureau  des  Longitudes ;  British 
Atmual,  ^-c. — ^'or  1837. 

The  return  of  the  season  at  which  the  liost  of  almanacs  makes  its 
appearance,  has  this  year  been  distinguished  by  that  of  the  first  number 
of  a  British  Amiual^  published  in  imitation  of  the  French  Annuaire. 
This  adoption  of  a  plan  which  has  been  followed  with  such  success  for 
many  years  by  our  continental  neighbours,  seems  to  demand  some  notice 
in  a  scientific  work  like  ours ;  and  we  shall  take  this  opportunity  of 
passing  in  review  the  principal  almanacs,  to  enable  our  readers  to  form  a 
judgment  on  their  comparative  merits,  as  well  as  on  those  of  the  stranger 
newly  associated  to  them. 

The  original  and  essential  purport  of  an  almanac  was  to  supply 
tliose  in  any  way  interested  in  astronomical  pursuits  with  the  relative 
position,  during  the  current  year,  of  the  heavenly  bodies,  and  with  data 
for  making  calculations  of  their  movements  in  the  intervals  between  those 
periods  for  Avhich  the  almanac  furnished  them.  Immediately  connected 
with  this  object,  was  the  notice  of  future  phenomena  of  occasional  recur- 
rence, such  as  eclipses,  transits,  occultations,  &c.  The  importance  to 
society  generally,  of  everything  connected  with  the  calendar,  or  with  the 
measurement  and  division  of  time,  as  immediately  dependent  on  the 
apparent  motions  of  the  sun,  &c.  seemed  to  necessitate  the  addition  of 
information  on  this  subject,  to  the  purely  astronomical  details  originally 
contemplated.  The  intrusion  of  extraneous  matter  once  allowed,  the 
regular  republication  of  a  work  with  such  contents,  ofi"ered  an  opportunity 
for  adding  any  other  which  might  be  generally  interesting,  that  was  of  a 
periodical  character;  almanacs,  accordingly,  became  a  melange  of  scientific, 
civil,  and  political  notices,  the  two  latter  having  no  other  connexion  with 
the  first  than  that  of  being  annually  modified. 

We  will  not  touch  on  that  melancholy  and  humiliating  chapter  in 
the  moral  history  of  mankind — and  the  more  painful  because  it  is  not  yet 
finally  closed"' — which  narrates  the  progress  of  credulity  and  imposture. 


*  We  observed,  but  yesterday,  a  pUicai-d 
announcing  the  recent  publication  of  a 
work  entitled  Phrenology  and  Astrology 
harmonized,  showing  thai  the  compartments 
of  the  head,  as  divided  for  phrenological 
study,  exactly  agree  with  the  astrological 
houses  of  Heaven,  cjc.  <^c. 

The  foilowing  passage  from  a  cotempo- 
rary  journal,  published  before  the  repeal 
of  the  duty  on  almanacs,  presents  some 
i-emarkable  statements  on  this  subject: — 

"  The  total  number  of  almanacs  pub- 
lished may  be  divided  mto  the  astrological 
and  the  non-astrological.  The  astrological 
are  published  by  the  Stationers'  Company 
only.  There  was  a  thii-d  class  of  tlie  com- 
VoL.  II.  2 


pany's  almanacs — the  ol)Scene;  but  this 
class  was  discontinued  in  1829.  (!) 

"  There  are  now  only  two  astrological 
almanacs,  Vox  Stellarum,  by  Francis 
Moore,  physician,  and  Merlinus  Liberatus, 
by  John  Partridge.  Moore's  improved 
almanac  has  this  year  (1832)  ceased  to  be- 
long to  this  class.  These  two  contribute, 
there  is  good  reason  to  believe,  one-half  of 
the  revenue  upon  almanacs — that  is,  they 
sell  250,000  copies.  Of  these  again,  nine- 
tenths  of  the  number  may  be  put  to  the 
account  of  Francis  Moore.  So  that  this 
relic  of  ancient  absurdity  is  probably  more 
read  than  any  other  work  in  the  kingdom. 

"  John  Partridge  commenced  his  voca- 
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attaching  themselves  to  a  science  that  would  otherwise  have  earlier 
exalted  our  nature,  by  the  contemplation  of  eternity,  of  space  and  duration, 
viewed  through  a  medium  uncontaminated  hy  their  breath;  and  which 
describes  them  as  working  their  baleful  spells  under  the  aiTOgated  sanc- 
tion of  her  name,  and  gradually  increasing  their  influence  till  it  blinded 
the  majority  of  the  human  race  to  truth  and  reason.  Most  almanacs,  as 
our  readers  know,  were  formerly  the  vehicles  for  the  dissemination  of  much 
of  the  poison  we  allude  to;  and,  perhaps,  the  jealous  anxiety  to  rescue 
the  true  original  object  of  their  institution  from  any  portion  of  this  dis- 
graceful stigma,  may  have  been  a  powerful,  though  unacknowledged,  reason 
for  again  separating  the  purely  astronomical  part  of  their  contents  from 
the  miscellaneous  matter  which  was  being  continually  engrafted  on  the 
parent  stock :  a  separation,  however,  sufficiently  accounted  for  by  the 
demands  of  an  extending  knowledge  in  the  science,  and  in  the  dependent 
art  of  navigation,  which  required  a  greater  space  being  devoted  to  their 
use  than  was  compatible  with  the  admission  of  anything  not  essentially 
connected  with  the  subject.  This  separation  accordingly  has  taken  place 
in  most  European  nations,  and  in  the  United  States,  but  it  is  to  the 
three  leading  astronomical  almanacs  of  the  old  world,  that  our  remarks 
will  be  chiefly  confined. 

Our  own  national  almanac  and  the  French  Connaissance  des  Terns 
undoubtedly  stand  at  the  head  of   all  these  works.     We  place  them 


tion  as  an  almanac-maker  soon  after  the 
restoration ;  Francis  Moore  began  his  ca- 
reer of  imposture  in  1698;  Partridge, 
therefore,  has  the  advantage  of  senility 
over  his  rival,  and  that  ought  to  go  a  good 
way  in  balancing  the  relative  merits  of 
their  stupidity.  It  is  probable,  however, 
that  Partridge's  almanac  never  entirely 
made  head  against  the  wicked  wit  of 
Swift;  for  it  is  a  remarkable  fact  that 
Bickerstaff  killed  this  identical  almanac 
for  a  season,  and  frightened  the  real  Part- 
ridge from  attempting  to  set  it  U2)  again. 
The  Stationers'  Company,  however,  were 
not  to  be  so  beaten  out  of  a  profitable  im- 
posture, and  they  had  the  impudence,  in 
1714,  to  publish  a  Partridge^s  Almanac, 
with  a  portrait  of  the  seer,  which  the  wor- 
thy man  refused  to  acknowledge.  The 
defeated  astrologer  obstinately  persisting 
not  to  prophesy  in  the  flesh,  the  com- 
pany continued  to  employ  the  ghost  only 
of  Partridge,  and  the  work  even  now 
bears  the  motto,  Etiam  mortuus  loqtdtur. 
This  original  schism,  and  the  acknowledg- 
ment of  the  death  of  the  almanac-maker, 
is  the  only  reason  we  can  assign  for  Part- 
ridge not  being  as  popular  as  Moore.  He 
is  unquestionably  as  silly."  {jQriarterly 
Journal  of  Education.  No.  V. ) 

The  name  of  Partridge  was  assumed; 
the  compiler's  real  one  was  Gadbury,  a 
most  prolific  writer,  to  judge  by  the  num- 
ber of  his  works  extant  in  the  British 
Museum,  all  treating  of  astrology,  &c. 


It  must  not  be  supposed  that  England 
stands  alone  in  this  disgraceful  position. 
Moore's  almanac  was,  till  lately,  if  not  is, 
annually  reprinted  in  Paris  and  in  Bou- 
logne, and  similar  evidences  of  barbarity 
annually  make  their  appearance  at  Liege, 
Coblentz,  &c.  &c.  At  home,  the  sale  of 
this  work  is  chiefly  confined  to  the  agricul- 
tural iiopulation,  the  least  enlightened  in  all 
stages  of  society.  Mr.  Baily,  in  alluding  to 
the  endeavours  made  by  the  respectable 
editors  of  these  l^nds  of  almanacs  to  purify 
them  gradually  from  the  nonsense  they  con- 
tain, states,  that  such  an  endeavour  was 
made  with  regard  to  Moore's  almanac,  by 
omitting,  one  year,  the  column  of  mfluences 
of  the  moon  on  parts  of  the  body,  and  that 
nearly  the  whole  hnpression  of  100,000 
was,  in  consequence,  returned  by  the  buyers 
on  the  hands  of  the  publisher,  as  de- 
fective. 

The  toorshipful  company  mentioned  in 
the  above  extract  advertise  this  year 
(1837),  in  their  annual  list  of  eighteen 
almanacs,  Francis  Moore,  price  6d. — 
Moore^s  Almanac  Improved,  9d.  ;  the  im- 
provement for  which  the  extra  price  is 
charged  consisting  chiefly  of  the  omission 
of  the  predictions,  &c.  In  the  same  list, 
Partridge's  almanac  still  holds  the  third 
place,  the  post  of  honour  being  assigned  to 
the  genuine  Moore,  in  consequence,  we 
fear,  of  its  being  still  the  most  profit- 
able. 
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together,  because  they  have  advanced  to  their  present  degree  of  per- 
fection in  consequence  chiefly  of  the  reciprocal  effect  they  have  had  on 
each  other.  If  the  Connaissance  des  Terns  can  lay  claim  to  seniority 
of  birth,  the  volume  for  1837  being  the  hundred  and  fifty-ninth 
of  a  series  which  has  never  suffered  interruption  since  its  commence- 
ment in  I679  by  Picard,  yet  we  suspect  it  would  no  more  have 
attained  its  maturity  without  the  spirit  of  emulation  excited  by  the  sub- 
sequent appearance  of  our  Nautical  Almanac,  than  this  would,  if  it 
had  not  been  for  the  beneficial  example  of  such  a  pre-existing  model,  and 
for  the  assistance  derived  from  the  authentic  sources  of  means  for  calcu- 
lation, so  liberally  communicated  by  the  French  astronomers  to  ours. 

The  Nautical  Almanac  was  the  fruit  of  the  exertions  of  the  late 
Dr.  Maskelyne  in  the  cause  of  his  favourite  pursuit.  That  distinguished 
practical  astronomer,  in  the  course  of  several  voyages  undertaken  by  him 
for  scientific  purposes,  had  ample  opportunity  for  remarking  the  diffi- 
culties the  navigator  laboured  under,  owing  to  the  want  of  proper  works 
on  nautical  astronomy:  he  presented  a  memorial  to  the  Commissioners  of 
Longitude  on  February"  9th,  1765,  in  which  he  proved,  by  facts,  the 
utility  of  the  method  of  deducing  the  longitude  by  means  of  the  moon's 
distance  from  the  fixed  stars,  as  it  had  been  promulgated  by  him  in  a 
work  he  had  recently  published  for  that  purpose,  called  The  British 
Mariner's  Guide:  he  then  stated  the  necessity  that  existed  for  a  good 
nautical  ephemeris  to  enable  the  full  benefit  of  this  method  being  reaped. 
The  board  having  heard  the  evidence  of  four  naval  officers  as  to  the  advan- 
tages of  the  new  method  of  "  lunar  distances,"  came  to  a  resolution  that 
the  "tables  of  the  late  Professor  Mayer  should  be  purchased  of  his 
widow,  and  printed;  and  that  a  nautical  ephemeris  should  be  compiled 
to  use  with  them."  The  superintendence  of  the  latter  labour  was  con- 
fided to  Dr.  Maskelyne,  who  had  then  become  astronomer  royal,  and  he 
exerted  himself  so  actively  on  the  occasion,  that  the  first  number  of  the 
Nautical  Almanac  for  the  year  1767  was  published  in  1766,  accom- 
panied by  a  preface  written  by  him,  describing  the  use  and  construction 
of  the  tables,  and  stating  those  from  which  the  calculations  had  been 
made "'. 

The  work  appeared  regularly  with  little  or  no  alteration  in  its 
general  contents  and  arrangement,  for  upwards  of  sixty  years  f ,  except 
that  the  calculations  were  made  from  every  improved  formula,  or  set  of 


*  Dr.  Maskelyne  did  not  confine  his 
labours  to  tlie  publication  of  the  Alma- 
nac ;  a  series  of  tables,  requisite  to  be  used 
with  it,  appeared  at  the  same  time,  drawn 
up  by  him ;  this  valuable  work,  which  has 
ever  since  been  known  by  the  above  quaint 
title,  has  gone  through  numerous  editions, 
each  being  improved  on  that  which  pre- 
ceded it, 

-f-  In  the  first  Nautical  Almanac  for 
1767,  the  column  of  differences  of  the 
sun's  declination,  which  appeared  sub- 
sequently froni  about  1800  to  1833,  was 
not  given.  In  the  earliest  numbers  the 
tables  of  the  five  planets  then  known 
were  only  given  j  for  every  six    days  of 


each  month;  these  were  increased,  for 
Mercury,  to  every  third  day,  before 
1800 ;  but  all  the  rest  remained  as 
before,  except  that  the  right  ascension 
of  the  planets  was  added  soon  after  the 
year  1810.  In  the  almanac  for  1833, 
several  additions  were  made ;  among 
others,  the  times  of  the  rising  and  setting 
of  the  sun's  and  moon's  centres.  These 
columns  have  disappeared  again  since  that 
year,  in  order  to  make  way  for  more  gene- 
rally valuable  matter,  contrary,  however, 
to  the  practice  of  the  Connaissance  des 
Terns  and  the  Astronomisches  Jahrbuch, 
both  of  which  works  give  these  times. 
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tables,  that  was  produced  in  succession  during  that  period,  either  abroad 
or  at  home;  the  introduction  in  the  number  for  1822  of  the  apparent 
places  of  twenty-four  principal  fixed  stars,  wliich  were  increased  to  sixty 
in  that  for  1827,  and  the  extension  in  that  for  1833  of  the  table  of  the 
moon's  right  ascension  and  declination  to  every  third  hour  of  the  day, 
which  had  been  previously  given  for  noon  and  midnight  only;  these 
important  improvements  being  effected  by  the  late  Mr.  Pond,  in  the 
official  exercise  of  his  duty  of  superintending  the  publication,  as 
Dr.  Maskelyne's  successor. 

Towards  the  year  1830,  the  attention  of  Government  was  drawn, 
by  the  urgent  representations  on  the  subject  which  appeared  in  print,  to 
the  comparative  inefficiency  of  the  national  almanac,  which  had  not  kept 
pace  with  the  rapid  extension  of  astronomical  knoAvledge,  the  improve- 
ment in  instruments,  and  the  increased  skill  of  our  navigators,  and  which 
hiiil'been  for  some  years  surpassed  by  continental  works  of  the  same  kind, 
published  under  the  superintendence  of  the  first  astronomers  of  the  day. 
The  Lords  of  the  Admiralty,  accordingly,  at  the  instigation  of  the  Board 
of  Longitude,  in  that  year  requested  the  aid  of  the  Astronomical  Society; 
a  general  committee  of  forty  members  was  in  consequence  appointed, 
ten  of  the  most  pre-eminent  of  which  formed  a  managing  sub-com- 
mittee. This  committee  drew  up  and  presented  to  the  Admiralty, 
in  the  November  of  the  same  year,  an  elaborate  report,  suggesting 
those  extensive  alterations  and  additions,  by  the  adoption  of  which 
the  work  has  been  rendered  the  most  complete  astronomical  ephemeris 
published.  About  the  same  period,  the  superintendence  of  its  com- 
pilation and  publication,  after  several  changes,  was  finally  confided  to 
Lieutenant  Stratford,  Avith  the  assistance  of  Mr.  TVoolhouse  and  an 
efficient  staff'  of  calculators,  revisers,  &c. 

It  is  obvious  that  the  utility  to  mariners  of  such  an  almanac  must 
in  a  great  measure  depend,  not  only  on  the  accuracy  with  which  the 
calculations  are  originally  made,  but  on  its  exemption  from  typographical 
en*ors  Avhen  printed.  The  former  object  is  secured  "  by  duplicate  calcu- 
lations of  the  most  important  tables,  such  as  all  those  relating  to  the 
moon,  the  occultations  of  the  eclipses  of  Jupiter's  satellites,  &c_.  and  in 
every  instance  by  some  independent  calculations,  to  guard  against  errors 
in  principle;  and  the  results  are  finally  examined  by  means  of  differences," 
The  latter  object  can  only  be  attained  by  a  revision  of  the  sheets  in  going 
through  the  press,  made  with  a  care  far  exceeding  that  required  for  any 
other  work*.  The  pains  taken  in  this  respect  by  the  gentlemen  who 
have  the  management,  is  shown  by  the  fact,  that  in  the  volume  before 
us,  consisting  of  496  pages  of  figures,  there  are  only  two  errata  as  yet 
discovered,  of  not  the  slightest  consequence  in  themselves,  but  important 
as  proving  the  care  bestoAved  on  the  revisal.  In  the  volume  for  1836, 
there  were  seven  errors;  in  that  for  1835  there  were  ten,  the  majority 
of  which  were  errors  in  noting  down  the  results  of  the  computations +. 

*  The    process   of  stereotyping,  when  j  outthepossibilityofthe  occurrence  of  a  new 


appUed  to  printmg  standard  works  of  nu- 
merical computations,  such  as  tables  of 
logarithms,  &c.  ultimately  secures  perfect 
accuracy  of  typography,  since  any  error  can 
be  corrected  in  each  successive  reprint  witli- 


one;  but  an  almanac  is  seldom,  if  ever, 
stereotyped,  since,  except  for  reference, 
its  utility  is  confined  to  tlie  current  year, 

■\  The  Astronomical  Society,  m  the  re- 
port, art.  2f»,   "  strongly  recommend  that 
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Among  the  methods  adopted  for  securing  distinctness  as  well  as 
correctness  was  the  having  a  new  fount  of  figures  cast  for  the  purpose, 
the  matrices  being'  cut  with  every  attention  to  precision,  in  preference  to 
mere  beauty,  of  form;  the  6  is  made  so  that  if  inverted  it  would  not 
look  like  a  9,  but  would  immediately  catch  the  eye  of  compositor  and 
corrector,  the  identity  of  these  two  numerals  when  either  is  inverted  having 
ever  been  a  fertile  source  of  error  in  printing  arithmetical  tables.  With  the 
same  view,  all  unnecessary  use  of  dots  and  commas  has  been  avoided; 
degrees,  minutes  and  seconds,  are  not  separated  by  commas,  as  we  do 
pounds,  shillings  and  pence  in  our  notation,  nor  by  a  full  stop,  as  is  still  the 
case  in  the  Connaissa?ice  des  Terns,  but  by  a  sufficient  space  being  left  be- 
tween them  to  prevent  the  possibility  of  confusion,  and  the  decimals  are 
separated  from  integers  by  a  full  point  at  the  top  of  the  line,  thus,  2*73, 
and  not  by  a  comma  at  the  bottom,  thus,  2,73,  as  is  universally  the  case 
in  French  and  German  arithmetical  notation.  Minutes  and  seconds  of 
ti?ne  are  marked  thus,  17''  26'"  37''53,  to  distinguish  them  from 
17°  26',  37""53,  minutes  and  seconds  of  degreees,  an  improvement 
not  adopted  on  the  continent ;  but  which,  trifling  and  useless  as  it 
might  appear,  if  the  work  were  intended  for  literary  and  scientific 
readers  only,  is  valuable  in  one  intended  for  masters  and  mates  of 
vessels,  who  ought  to  be  spared  every  unnecessary  exertion  of  thought, 
in  order  to  guard  against  errors  in  calculations,  for  which  they  have  little 
time,  and  fewer  conveniences.  On  the  whole,  few  works  could  be 
referred  to  which  would  place  in  so  striking  a  point  of  view  the  excel- 
lence to  which  the  arts  relating  to  typography  are  carried  in  England; 
the  beauty  of  the  paper,  the  exquisite  symmetry  and  clearness  of  the 
forms,  and  the  taste  in  their  arrangement,  present  a  favourable  point  of 
comparison  with  the  French  almanac,  which  nevertheless  is  got  up  \\it\i 
great  care*. 

It  has  always  been  an  important  object  to  publish  the  Nautical 
Almanac  some  years  in  advance,  that  captains  of  vessels  about  to 
proceed  on  distant  voyages  might  take  with  them  the  numbers  for  the 
years  they  would,  probably,  be  absent.  From  the  commencement  till 
1832,  this  was  regularly  accomplished,  the  work  being  never  less  than 
three  complete  years  in  advance,  but  the  delay  required  to  carry  into 
effect  the  suggestions  of  the  Astronomical  Society,  and  that  caused  by 
the  changes  in  the  management  of  the  publication,  prevented  the  improved 


any  errors  discovered  in  the  Nautical 
Almanac  should  be  printed  immediately 
for  general  information,  and  be  annexed 
to  all  the  unsold  copies ;  and  that  notice 
of  the  same  be  advertised  in  the  London 


could  not  now  remunerate  a  private  pub- 
lisher, nor  even  as  we  should  think  cover 
its  expenses  ;  the  volume,  with  an  Appen- 
dix containing  569  large  octavo  closely- 
printed  pages  of  the  most  expensive  form 


Gazette,  and  in  some  of  the  public  papers,  '  of  work,  is  sold  for  five  shillings.  The 
as  early  as  possible."  We  believe  that  |  t'ownamancerfesrewiSjContaining 500  equal 
this,  like  every  other  recommendation  of  !  and  similar  pages  is  priced  seven  francs. 


the  society,  has  been  strictly  attended  to, 
and  that  any  communication  on  the  sub- 
ject will  be  thankfully  received  at  the 
office  in  Somerset  House. 

•  Being  strictly  a  national  work,  the 
Nautical  Almanac,  to  place  it  within  the 
means  of  the  greatest  number  of  persons 
who  may  need  it,  is  sold  at  a  price  that 


about  six  shillings.  The  Astronomisches 
Jahrbuch,  containing  340  pages,  costs  thir- 
teen shillings. 

The  Nautical  Almanac  in  176?  was  sold 
for  half  a  crown.  In  1802  it  was  raised 
to  five  shillings,  its  present  price,  though  it 
now  contains  more  than  three  times  the 
quantity  of  matter  it  formerly  did. 
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volume  for  1834  from  appearing  more  than  a  few  months  before  the 
commencement  of  that  year;  the  exertions  of  the  present  managers  hare, 
however,  partly  redeemed  the  lost  time,  and  the  volume  for  1838  is  now 
(December,  1836)  published;  but  this  is  not  sufficient;  the  Astronomical 
Society  recommend  in  their  report,  that  it  should  be  always  four  years  in 
advance,  and  it  is  to  be  hoped,  that  no  remission  of  exertions  will  be 
allowed  till  this  is  accomplished. 

We  shall  now  give  our  readers  a  brief  account  of  what  the  Nautical 
Almanac  contains,  marking  in  italics,  or  mentioning  in  a  note,  those 
additions  and  alterations  which  were  effected  for  the  first  time  in 
the  number  for  1834,  in  pursuance  of  the  recommendation  of  the  Astro- 
nomical Society.  Two  preliminary  pages  contain  the  usual  articles  of  the 
calendar,  festivals  and  anniversaries,  &c.  with  the  number  of  the  year 
according  to  the  Jewish  and  Mohammedan  eras,  and  the  dale  of  the  com- 
mencement of  the  Ramadan* . 

The  ephemeris  for  each  month  consists  of  tvA'cnty  two  pages,  divided 
into  columns,  their  contents  being  as  follows  : — 

P.  I.,  col.  1.  Day  of  the  week;  2.  Day  of  the  month;  3.  The  Sun's 
right  ascension,  given  in  time,  to  hundredths  of  a  second;  4.  The  differ- 
ence for  one  hour,  to  facilitate  the  reduction  of  the  quantities  from  the 
meridian  of  Greenwich  to  that  of  any  other  place ;  5.  The  sun's  declina- 
tion, io  tenths  of  seconds ;  6.  Difference  for  one  hour;  7-  Sidereal  time  of 
the  semidiameter's  passing  the  meridian,  to  hundredths  of  a  second;  8. 
Equation  of  time  to  do. ;  9.  Difference  for  "an  hour.  All  for  apimrent 
noon. 

P.  XL,  cols.  1,  2.  Day  of  week  and  month;  3,  4.  Right  ascension  and 
declination;  5.  Semidiameter,  to  tenths  of  seconds;  6.  Equation  of  time; 
7-  Sidereal  time,  to  hmidredths  of  seconds.     All  for  mean  noon. 

P.  III.,  col.  1.  Day  of  ?nenth;  2.  Sun's  longitude  at  noon,  in 
degrees,  to  tenths  of  a  secotidi';  3.  Sun's  latitude  at  noon,  to  seconds  and 
hundredths ;  4.  Logarithm  of  the  earth's  radius  vector  at  noon,  to  seven 
places  of  figures;  5,  6.  The  Moon's  semidiameter  for  noon  and  midnight; 
7,  8.  Her  horizontal  parallax  for  do.  do.;  all  to  tenths  of  a  second.  This 
and  all  the  following  pages,  to  the  eighteenth  inclusive,  are  for  mean 
time.  , 

P.  IV.,  cols.  1,  2.  Day  of  week,  month ;  3,  4.  Moon's  longitude  for 
noon  and  midnight;  5,  6.  Her  latitude  for  do.;  7-  Her  age  at  noon,  in 
days  and  tenths;  8.  Her  passage  of  the  meridian,  in  hours,  minutes,  and 
tenths. 

PP.  V.  to  XII.,  inclusive,  contain  the  Moon's  right  ascension  and 
DECLINATION,  for  every  hour  of  every  day  of  the  month;  the  former,  to 
seconds  and  hundredths  of  time,  the   latter,   to  seconds  and  tenths  of 


*  These  two  pages  might  be  more  eco- 
nomically and  usefully  occupied  than  they 
are  at  present.  Why  not  give  the  Mo- 
hammedan and  Jewish  calendars,  as  the 
two  continental  works  do,  and  the  corre- 
sponding dates  in  the  different  eras,  as  ■we 
find  them  in  the  Britisti  Almanac'?  This 
kind  of  information  would  he  more  in  ac- 
cordance with  the  purely  scientific  cha- 


racter of  the  Nautical  Almanac  than  the 
University  and  law  tenns,  the  birth- 
days, coronations,  restorations,  gunpowder- 
plots,  &c. 

-j-  Tlie  use  of  the  division  into  signs  has 
been  discontinued;  formerly  the  longitude 
would  have  been  given  as  9'*  10°,  &c.  now 
it  is  given  as  280%  &c. 
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degrees;  and  a  third  column  for  the  difference  of  declination  for  ten 
minutes,  in  secojids  and  hundredths.  A  corner  of  the  Xllth  page,  unoccu- 
pied by  the  foregoing  is  filled  up  with  the  times  of  the  moon's  phases, 
and  the  times  of  her  apogee  and  perigee. 

PP.  XIII.  to  XVIII.,  inclusive,  contain  the  "  lunar  distances,"  or 
distances  of  the  moon's  centre,  for  every  three  hours  of  every  day  of  the 
month,  from  that  of  the  sun,  and  from  three  to  six  principal  stars,  according 
to  circumstances,  in  degrees,  minutes  and  seconds ;  a  column  is  appended 
tothat  for  each  triad  of  hours,  to  contain  the  proportional  logarithm,  to 
four  figures,  of  the  differences  of  the  distances  for  that  interval*. 

P.  XIX.  contains  the  configurations  of  Jupiter's  satellites, 
for  each  day  of  the  month,  or  diagrams  of  the  satellites,  as  they  would 
appear,  disregarding  their  latitudes,  in  an  inverting  telescope;  and  each 
diagram  shows  by  a  lateral  addition  which  satellite  is  on  the  disk,  or 
which  is  eclipsed  by  the  planet  or  its  shadow,  whenever  an  occultation 
occurs. 

P.  XX.  contains  the  mean  and  sidereal  time,  to  tenths  of  a  second, 
at  which  all  the  eclipses  of  Jupiter's  satellites  occur,  during  the 
month,  those  which  are  visible  at  Greenwich  being  distinguished  by  an 
asterisk.  There  is  a  diagram  annexed  to  ilie  division  for  each  satellite^ 
which  represents  the  proportional  distance  from  the  disk  erf  the  planet  at 
which  the  immersion  into.,  or  emersion  out  of,  the  shadow  occurs. 

P.  XXI.  contains  the  approximate  sidereal  times  of  all  the  occulta- 
TioNS  OF  Jupiter's  satellites  by  the  planet,  and  of  the  transits  of  the 
satellites  and  their  shadows ;  the  times  of  the  immersion  and  emersion  of  the 
former,  a?id  of  the  ingress  and  egress  of  the  latter,  are  given  in  separate 
columns  to  minutes,  those  which  are  visible  at  Greenwich  being  distin- 
guished by  an  asterisk  as  above. 

P.  XXII.,  col.  1.  Day  of  month;  2,  3,  4,  5.  the  logs,  to  four  figures 
of  four  factors,  designated  a,  b,  c,  and  d,  used  in  correcting  the  places  of 
the  fixed  stars,  according  to  a  formula  of  Professor  Bessel,  and  calculated 
for  mean  midnight.  6.  Mean  time  of  the  transit  of  the  first  point  of  Aries, 
to  hundredths  of  a  secojid,  showing  the  distance  of  the  mean  sun  from  the 
meridian,  at  the  instant  when  the  true  point  of  intersection  of  the  ecliptic 
and  equator  (called  the  first  point  of  Aries)  is  on  the  meridian  of  Greenwich, 
for  every  day  of  the  month.  7-  Mean  equinoctial  time,  in  mean  solar  days 
and  the  fractional  part;  or  the  mean  time  elapsed  since  the  itistant  of  the 
mean  vernal  equinox,  for  mean  noon  for  every  day  of  the  months.     8,  9. 


*  There  have  appeared,  on  an  average, 
13,000  of  those  distances  yearly  in  the 
newly  modified  almanac. 

•f-  This  species  of  time  was  first  intro- 
duced in  the  Supplement  to  the  Nautical 
Almanac  for  1828,  with  a  very  full  expla- 
nation of  its  nature  and  use  written  by 
Mr.  now  Sir  J.  Herschel.  It  there  ap- 
pears that  the  use  of  equinoctial  time  is  to 
afford  an  imifonn  date,  which  shall  be  in- 
dependent of  the  diff"erent  meridians,  and 
of  all  inerj^ualities  in  the  sun's  motion ;  and 
shall  thus  save  the  necessity,  when  speak- 


ing of  the  time  of  any  event,  of  mentioning 
thep/ace  where  it  was  observed  or  computed. 
Thus  it  is  the  same  thing  to  say,  that  a  comet 
passed  its  perihelion  on  January  5tli  1837, 
at  5[|  47'"  O'-O  mean  time  at  Greenwich ; 
at  5  56'"  21* '5;  mean  time  at  Paris;  or 
at  1830'  289'!  C'  IG'"  40" -96  equinoctial 
time  ;  but  the  former  dates  make  the  loca- 
lities of  Greenwich  and  Paris  enter  as 
elements  of  the  expression,  whereas  the 
latter  expresses  the  period  elapsed  since 
an  epoch  common  to  all  the  world,  and 
identifiable  independently  of  all  localities. 
By   this  means,   all  ambiguities  in   the 
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contain  the  day  of  the  year,  and  fraction  of  the  year,  to  three  decimal 
places,  fro7n  mean  noon  of  January  1. 

Immediately  following  the  amjjle  ephemerides  for  the  twelve  months 
above  described,  we  find  a  page  containing  the  apparent  obliquity  op 
THE  ECLIPTIC  to  hundredths  of  a  second,  for  every  tenth  day  throughout 
the  year,  with  the  mean  obliquity  for  January  ],  =  23''  27'  37""89;  the 
remaining  'columns  of  the  page  contain,  the  sun's  horizontal  parallax,  and 
aberration,  in  seco7ids  and  hundredths ;  the  equation  of  the  equinoxes  in 
longitude  (in  seconds  of  degrees),  and  of  right  ascension  (in  seconds  of 
time),  to  hundredths  J  and  lastly,  the  mean  longitude  of  the  moon's  ascend- 
ing node,  in  degrees,  minutes  and  tenths;  all  for  every  tenth  day  of  the  year. 

Then  follow  the  ephemerides  of  Mercury,  Venus,  Mars,  Jupiter, 
Saturn  and  Uranus  (here  still  most  barbarously  called  "the  Georgian"""), 
a  page  being  devoted  to  each,  for  each  month  of  the  year ;  this  page  con- 
taining the  geocentric  right  ascension  and  declination,  in  time  and  degrees, 
to  hundredths  of  secdJids;  the  log.  of  the  earth's  distance,  to  seven  places  ; 
and  the  time  of  the  passage  of  the  meridian,  to  tenths  of  seconds ;  the 
heliocentric  longitude  and  latitude,  to  tenths  of  seconds  of  degrees ;  and 
the  log.  of  the  radius  vector.  All  for  the  mean  noon  of  every  day  of  the 
month  t. 

The  same  complete  data  for  Vesta,  Juno,  Pallas,  and  Ceres,  are 
given,  but  only  for  every  fourth  day  of  the  year;  during  the  time  of  their 
opposition,  however,  the  right  ascefision  and  declination,  atid  logarithms  of 
the  distances  from  the^earth  and  sun,  are  extended,  i?i  separate  ephemerides, 
to  every  day,  for  three  7nonths,  for  mea7i  7nid7iight. 

The  equatorial,  horizo7ital  parallax,  a7id  semidia7neter,  of  the  six 
principal  planets  are  the7i  give7i,  to  hu7idredths  of  seco7ids,  at  7nean  noon, 
for  every  fifth  day  of  the  year. 

The  mean  places  of  100  principal  fixed  stars  for  the  first  day  of 
the  year,  next  meet  our  view,  in  six  columns;  the  first,  containing  the 
name  of  the  star,  wdth  its  popular  Arabic  or  classical  name  (annexed 
between  brackets,  and  in  italics),  while  the  standard  stars  are  distin- 
guished by  being  printed  in  capitals;  the  2.  col.  gives  their  magnitudes; 


reckoning  of  time  are  supposed  to  be 
avoided. 

To  convert  mean  solar  time  into  equi- 
noctial time :  to  the  corresponding  Green- 
wich mean  time  add  the  equinoctial  time 
at  mean  noon  of  the  same  day  at  Green- 
\vich  ;  the  sum  will  be  the  equinoctial  time 
required.  Thus,  in  the  instance  of  the 
comet  before  alluded  to  ;  Paris  being  9'" 
21«*5  east  of  Greenwich,  subtract  this 
from  the  Paris  time,  and  we  get  5''  47'" 
0"0  for  the  corresponding  Greenwich  time, 
to  which)  add  289ci-020613  or  288d,0i'  29"^ 
40*  "96,  the  mean  equinoctial  time  at  Green- 
wich, mean  noon  on  January  5th,  and  the 
sum  will  represent  the  mean  equinoctial 
time  of  the  comet's  passage  of  its  perihelion, 
viz.,  289d  61'  16 "  40'-9«  from  the  vernal 
equinox  of  1836.  {Nautical Almanac,  1837. 
Explanation,  p.  513.) 

*  The  privilege  of  conferring  a  name  on 
a  new  discovery  by  the  finder,  was  cer- 


tainly never  more  properly  violated  than 
in  this  instance;  in  compliment  to  the 
astronomer,  the  planet  was  for  some  time 
called  Herschel,  but  the  substitution  of 
the  classical  Uranus,  to  assimilate  with  the 
titles  of  the  rest  of  the  heavenly  host,  for 
the  imfortunate  designation  of  Georyium, 
is  really  indispensable. 
ff-^-  It  is  worth  remarking  that  throughout 
the  work,  in  each  month,  the  day  is  given 
which  really  constitutes  the  first  of  the 
next;  thus,  in  the  months  with  31  days  we 
find  the  data  for  the  32d  day  of  the  month, 
and  in  those  with  30  days,  we  have  them 
for  the  31st;  these  data  are,  therefore,  of 
course,  repeated  twice,  at  the  end  of  the 
one  and  the  beginning  of  the  next  month. 
This  is  done  to  facilitate  the  taking  of 
differences,  by  obviating  the  necessity  for 
turning  over  the  leaf  when  one  quantity 
is  for  the  last  day  of  one,  and  the  other 
for  the  first  day  of  the  next  month. 
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the  3.  tlieir  right  ascension,  in  time,  to  three  places  of  decimals  of  seconds; 
5.  their  declination  in  degrees,  to  two  places  of  seconds,  while  the  4.  and  6. 
cols,  contain  the  annual  variation  to  four  decimal  places  of  seconds,  for 
each  of  these  elements  respectively. 

In  p.  305  we  find  the  formulae  of  reduction  according  to  Professor 
Bessel,  followed  by  the  "  constants  for  facilitating  the  reduction  of  stars" 
I'equired  in  the  foregoing  formulae,  calculated  for  mean  midnight  at 
Greenwich,  for  every  fifth  day  of  the  year. 

The  right  ascension  and  declination  of  a  Ursae  minoris  (Polaris)  and 
of  S  Ursae  minoris  are  next  given  for  every  day,  while  those  of  the 
remaining  ninety-eight  stars  are  given  for  every  tenth  day,  of  the  year,  to 
hundredths  of  seconds  in  time  and  degrees  respectively.  To  these  are 
appended  tables  of  corrections  to  be  applied  to  the  apparent  places  of  five 
polar  stars,  for  the  terms  of  nutation,  the  argument  being  the  moon's 
longitude. 

The  table  of  forty-one  pages  that  follows,  contains  what  are  termed 
MooN-cuLMiNATiNG  Stars*;  showing,  the  magnitude,  apparent  right  as- 
cension, declinati(^n,  variation  of  the  moon's  right  ascension  in  one  hour 
of  lorgitude,  and  t^e  sidereal  time  of  the  passage  of  the  meridian  of  her 
semidiumeter,  all  given  to  hundredths  of  seconds  in  time  or  degrees, 
respectively;  in  separate  columns  for  every  day  of  the  year,  and  calcu- 
lated for  the  Greenwich  meridian. 

The  next  table  is  that  of  the  occultations  op  the  planets  and 
FIXED  STARS,  by  the  moon,  which  are  visible  at  Greenwich  during  the 
year;  the  sidereal  and  mean  time  of  the  immersion  and  emersion  being 
given  in  hours  and  minutes,  with  the  angle  from  the  North  point,  and 
from  the  vertex  of  the  moon's  disk,  in  degrees,  of  the  point  at  Avhich  the 
immersion  or  emersion  takes  place,  in  separate  columns  respectively. 

This  is  accompanied  by  an  elaborate  table  of  the  elements  for  faciU- 
tating  the  computation  of  the  foregoing  occultations,  consisting  of  the 
apparent  mean  time  of  the  conjunction  in  right  ascension  of  the  moon 
and  stars;  and  of  the  apparent  right  ascension  of  moon  and  star,  apparent 
declination  of  star,  and  difference  of  apparent  declinations  of  moon  and 
star,  at  the  mean  time  of  conjunction,  computed  for  Greenwich ;  and 
lastly,  the  limiting  parallels,  or  the  parallels  of  latitude  beyond  which  an 
occultation  cannot  possibly  be  visible. 

The  next  section  of  the  almanac  contains  the  Phenomena  of  the 
year,  commencing  with  the  solar  and  lunar  eclipses,  giving  all  their 
elements,  and  every  particular  regarding  them.  Next,  the  mean  times  of 
the  conjunctions,  quadratures,  oppositions  of  the  sun,  moon,  and  planets, 


*  They  are  so  denominated  as  "  being 
near  the  moon's  parallel  of  declination, 
and  not  differing  much  from  her  in  right 
ascension ;  they  are  proper  to  be  observed 
with  the  moon,  in  order  to  determine  differ- 
ences of  meridians.  This  is  effected  by  com- 
paring the  differences  of  the  observed  right 
ascensions  of  such  a  star  and  the  moon's 
bright  limb,  at  any  two  meridians.  If  the 
moon  had  no  motion,  the  difference  of  her 
right  ascension  from  that  of  the  star  would 
be  constant  at  all  meridians;  but  m  the 


interval  of  her  transit  over  two  different 
meridians,  her  right  ascension  will  have 
varied,  and  the  difference  between  the  two 
compared  differences  will  exhibit  the 
amount  of  this  variation ;  which,  added  to 
the  difference  of  the  meridians,  shows  the 
angle  through  which  the  westerly  meri- 
dian must  revolve  before  it  comes  uj)  with 
the  moon ;  hence,  and  knowing  the  rate  of 
her  increase  in  right  ascension,  the  differ- 
ence of  the  longitude  may  be  easily  ob- 
tained." (Explanation,  p.  519.) 
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with  each  other,  or  with  certain  fixed  stars ;  and  of  the  imssage  of  the 
7iodes,  of  the  aphelion  and  perihelion,  greatest  elongations,  &c.  that  occur 
in  each  month,  the  latitude  of  one  of  the  hodies  being  given ;  as  well  as 
the  times  when  the  planets  are  in  the  positions  most  favourable  for  obser- 
vation ;  the  comparative  intensity  of  light  of  the  four  asteroid  planets 
being  also  recorded  at  these  times. 

Then  follow.  The  elements  for  determining  the  geocentric  position^ 
magnittide,  and  appearance,  of  Saturn's  ring.  A  table  showing  the  mean 
time  of  the  greatest  libration  of  the  moon's  apparent  disk,  as  it  occurs 
twice,  at  least,  in  each  calendar  month.  j1  table  showing  the  illuminated 
portions  of  the  disks  of  Venus  and  Mars,  in  parts  of  the  diameter  of  the 
disk  considered  as  unity,  to  three  places  of  figures,  for  the  middle  day  of 
each  month. 

We  then  have  the  ephemeris  of  the  stars  proper  to  be  observed  with 
Mars  near  the  opposition  of  that  planet  on  February  5th  next. 

A  table  of  high  water,  at  London  Bridge,  for  every  day  of  the  year, 
and  another  of  that,  at  the  full  and  change  of  the  moon,  at  200  principal 
ports  on  the  coasts  of  the  British  islands,  or  the  opposite  ones  of  France, 
Holland,  &c. 

A  table  showing  the  correction,  in  seconds,  required,  on  account  of 
second  differences,  in  finding  the  Greenwich  time  corresponding  to  a 
reduced  lunar  distance. 

Three  tables  for  determining  the  latitude  by  observations  of  the  pole- 
star,  when  not  on  the  meridian. 

A  table  for  converting  intervals  of  mean  solar,  into  equivalent  ones 
of  mean  sidereal,  time. 

And  lastly,  the  latitudes  and  longitudes,  to  tenths  of  a  second, 
of  the  principal  observatories  from  the  meridian  of  Greenwich,  with  the 
authorities  from  which  they  are  taken. 

These  luminous,  ample,  and  invaluable  data  are  followed  by  an  "  Ex- 
planation," in  29  pages,  of  their  use  and  application,  illustrated  in  every 
case  by  examples,  written  simply,  perspicuously,  and  most  carefully,  to 
render  them  intelligible  to  those  who  may  require  such  assistance.  We 
look  upon  these  "  explanations"  as  forming  a  brief  system  of  astronomical 
calculations,  and  indeed,  in  a  great  measure,  of  practical  astronomy  gene- 
rally, that  it  wmild  be  difficult  to  equal,  and,  together  with  the  almanac 
preceding  them,  as  proving,  that  the  management  of  the  work  could  not 
have  been  placed  in  more  competent  hands. 

The  Appendix  to  the  Nautical  Almanac,  which  with  those  of  the 
former  numbers  since  1833,  are  intended  to  be  separated  and  formed  into 
a  distinct  volume,  contains  an  elaborate  paper  by  the  Astronomer  Royal, 
"  On  the  calculation  of  the  perturbations  of  the  small  planets,  and  comets 
of  short  periods  ;"  and  a  paper  of  Mr.  Woolhouse's,  "  On  the  determina- 
tion of  the  longitude  from  an  observed  solar  occultation  or  eclipse."  But 
we  cannot  enter  into  any  consideration  of  such  purely  mathematical 
papers  in  our  magazine. 

From  this  account  of  the  contents  of  our  national  ephemeris,  our 
I'eaders  may  infer,  that  neither  care  nor  cost  has  been  spared  in  order  to 
reduce,  as  much  as  possible,  the  trouble  of  computation  to  practical 
astronomers,  and  especially  to  mariners.     The  French  government  have 
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not  gone  to  nearly  the  same  length  in  their  Connaissance  4es  Terns  ;  hut, 
perhaps,  the  system  of  scientific  instruction  given  to  all  persons  intended 
for  the  public  service,  and  the  facilities  afforded  hy  numerous  schools  in 
every  department,  and  by  the  best  elementary  works  on  all  sciences,  to 
the  acquisition  of  the  same  knowledge  by  private  individuals,  may  be 
considered  as  a  satisfactory  answer  to  those  who  might  be  disposed  to 
think  slightly  of  the  French  national  almanac.  However  this  may  be, 
the  difference  between  the  two  works,  as  regards  the  extent  and  number 
of  the  tables,  is  most  striking. 

In  the  sun's  ephemeris  for  each  month,  the  rising  and  setting  for 
mean  time  ;  the  mean  right  ascension ;  the  longitude  ;  the  true  right 
ascension  and  the  declination,  for  mean  noon,  with  the  differences^?-  the 
whole  day,  and  the  equation  of  time,  and  a  column  of  differences,  are  all 
that  are  given ;  but  there  is  no  latitude,  no  double  column  of  equation 
of  time,  nor  of  sidereal  time ;  while  the  sidereal  and  mean  time  of  the 
semidiameter  passing  the  meridian,  the  log.  of  the  radius  vector,  and  the 
hourly  motion  in  longitude,  as  well  as  the  semidiameter,  are  only  given 
for  every  five  days  of  the  month. 

In  the  ephemeris  for  the  moon  we  miss  the  ample  table  of  her  right 
ascension  and  declination  to  every  hour  of  the  day,  but  we  have  the 
times  of  her  rising  and  setting. 

The  "  lunar  distances"  are  not  nearly  so  well  arranged  as  in  the 
Nautical  Almanac,  and  the  same  system  is  pursued  of  only  giving  the 
total  differences,  which  can  be  taken  at  a  glance  by  the  reader,  instead 
of  furnishing  him  with  proportional  logs,  or  proportional  differences. 

The  monthly  ephemerides  of  the  planets  are  extremely  meagre 
compared  to  ours,  being  only  for  every  3rd,  6th,  8th,  10th,  and  15th  day 
of  the  month  respectively,  for  Mercury,  Venus,  Mars,  Jupiter,  Saturn, 
and  Uranus ;  their  rising  and  setting  is  furnished  as  usual. 

The  diagrams  of  the  configurations  of  the  satellites  of  Jupiter 
resemble  ours,  but  the  tables  of  the  eclipses  are  far  from  being  so 
copious. 

Immediately  following  the  regular  monthly  ephemerides,  we  meet 
with  a  table  of  Phenomenes  et  Observations  which  at  first  sight  seem 
greatly  to  surpass  ours  in  contents,  not  more  than  eighteen  on  an  average 
being  given  in  the  Nautical  Almanac  for  each  month,  while  the  Con- 
7iaissance  des  Terns,  by  combining  under  this  head  the  moon's  occulta- 
tions  of  the  fixed  stars  and  planets,  makes  a  greater  show,  and,  as  far  as 
we  can  see,  really  contains  more  of  these  last  than  are  given  in  the  Eng- 
lish work  in  the  separate  table  devoted  to  the  occultations. 

The  apparent  positions  of  seventy-six  fixed  stars  are  given,  but  not 
so  completely  as  by  the  Nautical  Almanac,  but  subsequently  another  of 
one  hundred,  for  1830,  after  Piazzi's  catalogue,  partly  supplies  the 
deficiency. 

The  French  almanac  possesses,  on  the  contrary,  a  very  full  set  of 
tables  of  the  distances  of  the  moon  from  Venus,  Mars,  Jupiter,  and 
Saturn,  arranged  by  themselves ;  which  appears  to  us  perhaps  a  better 
plan  than  mingling  these  distances  from  the  planets  with  those  from  the 
fixed  stars  ;  but  the  same  columns  of  total  diti'erenccs  between  the  given 
diurnal  distances  again  strike  us  as  occupying  much  space  that  might  be 
better  filled. 
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Two  tables  of  refraction,  for  correcting  observed  altitudes;  two  of  logs, 
for  correcting  those  of  tbe  sun  and  stars  ;  a  table  of  second  differences ; 
others  for  converting  time  into  equatorial  longitude,  and  the  reverse  ; 
and  for  reducing  sidereal  into  mean  time,  and  the  reverse  ;  and  a  table  of 
solar  parallax  for  different  altitudes,  and  at  different  seasons. 

And  lastly,  a  most  copious  table  of  latitudes  and  longitudes,  the 
latter  both  in  degrees  and  time,  for  most  of  the  places  on  the  earth's 
surface,  classed  in  sections,  according  to  the  continent  or  country  in 
which  they  lie,  and  with  the  authority  for  each,  closes  this  part  of  the 
work. 

The  "  Explanation"  is  followed  by  a  valuable  and  lucid  meteorological 
table  for  the  year  1833,  from  observations  made  at  the  Paris  observatory. 
The  mean  heights  of  the  barometer,  reduced  to  the  temperature  of 
melting  ice,  for  nine  a,  m.,  noon,  three  p.  m.,  and  nine  p.  M,,  being  given 
for  every  month,  as  are  those  of  the  centigrade  thermometer  for  the 
same  hours.  The  table  specifies  the  number  of  days  of  rain,  of  wind, 
of  fog  and  mist,  of  frost,  of  snow,  of  hail  and  sleet,  of  thunder,  of 
aurora  borealis,  and  the  mean  quantity  of  rain  for  every  month  of  the 
year,  with  the  temperature  of  the  centigrade  thermometer  in  a  vault,  for 
one  day  of  each  month*. 

The  Astronoviisches  Jahrbuch  was  commenced  sixty-two  years  ago, 
by  the  late  Professor  Bode,  and  was  conducted  by  him  to  the  time  of  his 
death  with  the  most  unremitting  attention.  When  Professor  Encke 
succeeded  Bode,  'in  1830,  he  remodelled  the  ephemeris,  augmenting  its 
contents  to  sviit  the  advanced  state  of  astronomical  knowledge ;  to  admit 
of  this,  without  greatly  exceeding  the  prescribed  limits,  he  discontinued 
the  elaborate  appendix,  which  had  no  immediate  reference  to  the  work 
as  an  annual  almanac,  but  consisted  of  miscellaneous  papers  on  astrono- 
mical subjects ;  these  papers  now  find  their  fitting  receptacle  in  Professor 
Schumacher's  Astronomische  Nachinchten.  Nevertheless,  the  present 
number  for  1837,  like  our  own  and  the  French  almanacs,  contains  two 
learned  mathematical  papers,  one  on  interpolations,  and  the  other  on 
the  calculation  oi  periodical  disturbances;  and  a  table  of  the  co-ordinates 
of  the  sun,  x,  Y,  and  z,  for  every  second  day  of  the  year. 


•  The  table  is  not  accompanied  by  any 
explanation,  which  is  the  more  to  be  re- 
gretted, as  some  of  its  statements  seem 
particularly  to  demand  one ;  thus  in  the 
column  of  the  days  of  wind  (jours  de  vent), 
we  find  every  day  of  ttie  year,  without  ex- 
ception,  and  the  total,  365,  given  separately, 
proves  that  it  is  so  meant ;  as  we  cannot 
suppose  that  Paris  never  enjoyed  a  calm 
day  for  the  whole  year,  we  presume  that 
any,  the  slightest,  curreiit  of  air,  is  con- 
sidered as  a  wind.  If  we  were  to  take  the 
year  1833,  as  chronicled  in  this  table,  for 
an  average,  our  friends  the  Parisians  have 
no  reason  to  triumph  over  us,  for  it  appears 
that  there  was  in  that  city  a  fog,  or  a  mist, 
on  every  day  of  ifie  first  three  months,  and 
on  seventeen  of  the  fourth.  The  total 
lunnber  of  foggy  days  for  the  year  being 
168  ;  of  rain,  164  ;  of  fi'ost,  45 ;  of  snow, 


11;  of  hail,  10;    of  thunder,  f);   and  of 
aurora,  1,  viz.  on  the  12th  October. 

The  columns  of  the  quantity  of  rain 
which  fell  in  the  court,  and  on  the  top  of 
the  Observatory,  present  the  difference  in 
this  quantity  at  different  elevations,  in  a 
striking  point  of  view,  the  quantity  in  the 
former  situation  of  the  gauge,  for  the  whole 
year,  being  580-35  millimetres,  (22-83 
inches,)  while  that  in  the  latter  was  only 
487"1,  (19-16  inches,)  being  a  diference 
of  3-66  inches. 

The  equality  of  temperature  in  the  vault 
is  also  very  remarkable,  it  never  varying 
more  than  -005°  C.  (-008  F.),and  for  eleven 
months  not  more  than  half  that  minute 
quantity  ;  while  in  the  open  air,  the  mean 
temperature  for  the  year,  at  3  v.  m  . ,  varied 
from  31°  Fahr.  in  Jaimary,  to  74°  Fahr. 
in  June, 
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The  contents  of  the  monthly  ephemerides  hold  an  immediate  place  in 
point  of  comprehensiveness  between  the  Connaissa7ice  des  Terns  and  our 
national  almanac.  The  ephemeris  of  the  sun  for  each  month  occupies 
two  pages;  the  first  containing  the  equation  of  time ;  the  right  ascension; 
the  declination;  the  sidereal  time  taken  by  the  sun's  diameter  in  passing 
the  meridian,  and  the  log.  /a  of  the  double  daily  variation  in  declination, 
used  in  determining  the  time  from  observed  solar  altitudes ;  all  for  true 
Berlin  time,  and  to  the  same  degree  of  accuracy  as  in  the  Nautical 
Almanac.  The  second  page  contains,  sidereal  time,  the  longitude,  the 
latitude,  the  log.  radius  vector,  and  the  semidiameter,  for  7nean  time. 

Of 'the  moon  we  have  four  pages  monthly,  containing  her  longitude, 
latitude,  right  ascension  and  declination,  horizontal  parallax,  and  semi- 
diameter,  for  noon  and  midnight ;  and  the  mean  time  of  the  moon's  cul- 
mination, her  right  ascension  and  declination  when  on  the  upper  and 
lower  meridian  ;  and  lastly,  the  times  of  the  rising  and  setting  of  tlie  sun 
and  moon;  the  lunations,  and  the  times  of  the  apogee  and  perigee,  are  given 
at  the  bottom  of  the  pages.  After  the  whole  year's  ephemerides  for  the 
sun  and  moon  are  gone  through,  those  for  the  planets  follow  next.  The 
heliocentric  longitude  and  latitude,  the  log,  radius  vector,  the  time  of  rising 
and  setting,  the  geocentric  right  ascension  and  declination,  log.  of  distance 
from  earth,  and  the  time  of  the  culmination,  are  given  for  Mercury  and 
Venus  for  every  second  day  of  the  year,  for  Mars  for  every  foiirth  day. 
Of  the  four  new  planets,  we  have  only  the  geocentric  right  ascension  and 
declination,  log.  of  the  distances  from  the  earth  and  sun,  the  time  of  the 
passage  of  the  meridian  and  the  semi-arc  above  the  horizon,  for  the  same 
intervals  of  every  fourth  day, — but  the  right  ascension,  declination,  and 
logs,  of  the  distances,  for  every  day  during  the  month  or  five  weeks  about 
the  time  of  the  opposition,  in  a  separate,  page.  Of  Jupiter,  Saturn,  and 
Uranus,  we  find  the  same  data  as  for  Mercury  and  Yenus,  but  only 
for  every  fourth  day. 

The  tables  of  eclipses,  occultations,  &c.  of  Jupiter's  satellites,  are 
very  complete,  for  every  second  day  of  the  year  for  the  first,  every  third 
or  fourth  day  for  the  second,  every  seventh  for  the  third,  and  every 
fourteenth  day  for  the  fourth  satellite.     These  are  followed  by. 

The  elements  for  calculating  the  apparent  axes  of  Saturn's  ring,  for 
ten  equidistant  periods : 

The  apparent  mean  places  of  the  principal  fixed  stars,  according  to 
Professor  Bessel,  for  the  year,  with  the  formulee,  arguments,  and  constants 
for  their  reduction. 

The  catalogue  of  phenomena  is  followed  by  the  table  of  occultations 
of  planets  and  fixed  stars  by  the  moon,  with  the  requisite  elements  for 
their  calculation.  A  catalogue  of  stars  near  the  moon's  path  for  the 
year,  with  their  magnitudes,  right  ascensions,  hourly  motions,  and  declina- 
tions, closes  the  almanac. 

It  should  be  borne  in  mind  that  that  the  Berlin  ephemeris  is  purely  an 
astronomical  one,  and  is  not  intended  for  persons  who  are  not  themselves 
competent  to  supply  those  arguments^  &c.  which  must  be  furnished  in 
an  almanac  intended  for  nautical  purposes ;  it  should  not,  therefore,  be 
compared  Avith  the  Nautical  Almanac,  or  with  the  Connaissance  des  Terns; 
but,  admitting  this  limitation  of  its  aim,  we  believe  it  will  rank  as  high 
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as  either  of  those  works  for  its  accuracy  and  other  merits,  and  it  has 
that  of  having  set  an  example,  to  which  the  attention  of  astronomers 
being  called  in  1830,  the  great  improvements  in  our  national  ephemeris 
which  we  have  recorded  Avere  the  result. 

Next  to  the  Nautical  Almanac,  the  best  astronomical  ephemeris 
published  in  this  country  is  that  Avhich  goes  by  the  name  of  White's* 
Celestial  Atlas,  which,  for  upwards  of  thirty  years,  to  our  personal 
knowledge,  and  for  much  longer,  we  believe,  has  maintained  its  high 
character  for  utility  and  accuracy,  and  still  presents  itself  to  us  with  its 
well-known,  familiar  title-page,  and  its  Greek  name  in  red  letters  at  the 
head,  while  the  alternate  repetition  of  lines  of  the  same  hue,  remind  us 
of  former  times  in  typography,  and,  by  powerful  association,  link  its 
present  modernised  contents  with  the  bye-goi^e  days  of  our  youth,  when 
we  referred  to  its  respected  pages,  when  we  drank  our  first  draught  of 
lore  in  that  science  which  is  above  all  price,  for  imparting  the  best  kind 
of  knowledge, — that  of  man's  insignificance.  On  opening  the  number  for 
1837^  we  find  that  same  neat,  economical  arrangement  of  its  pages,  by 
which  the  greatest  quantity  of  matter  possible  is  got  into  a  given  space, 
without  confusion,  that  has  characterised  it  since  we  can  remember  it. 
White's  Ephemeris  is  the  especial  favourite  of  all  small  amateurs  of 
astronomy,  who  may  possess  a  small  equatorial,  a  sinall  "  achromatie 
Dollond,"  a  pocket  chronometer  by  the  "  elder  Arnold,"  and  a  small 
pair  of  Carey's  old  globes,  in  a  small  attic  observatory;  whither  they 
love  to  retire,  when  all  their  neighbours  are  going  to  bed ;  with  serenity 

in  their  hearts,  and  White  in  their  hand. And  here  we  must  leave 

them,  and  arouse  from  the  "  sweet  and  bitter  fancies,"  stirred  by  the 
remembrance  of  old  friends,  now  at  rest,  and  of  the  pursuits  of  former 
days,  to  give  our  readers  an  account  of  the  valuable  astronomical 
matter  to  be  found  in  White's  Ephemeris. 

We  have,  in  the  two  12mo.  pages  devoted  to  each  month,  the  day 
of  the  month  and  year,  and  the  saints'  days,  &c.  still  religiously  preserved 
as  "  red  letter  days."  The  rising  and  setting  of  the  sun  and  moon,  the 
equation  of  time,  the  sun's  declination  and  longitude.  The  moon's  decli- 
nation, and  time  of  passing  the  meridian,  her  horizontal  parallax,  and 
her  longitude  and  latitude  ;  and  the  right  ascension  of  the  five  principal 
planets,  given  to  the  nearest  second  in  most  instances,  or,  if  this  be 
not  necessary,  to  the  nearest  minute,  for  every  day  of  the  month.  The 
sun's  semidiameter,  and  the  time  of  its  semidiameter  passing  the 
meridian ;  the  time  of  beginning  of  daylight ;  the  increase  of  the  day, 
and  its  length ;  the  sun's  hourly  motion  ;  the  log.  of  the  radius  vector ; 
the  place  of  the  moon's  node ;  the  geocentric  and  heliocentric  longi- 
tudes of  the  five  planets ;  their  declination,  and  their  times  of  rising ; 
all  for  every  sixth  day  of  the  month ;  and,  lastly,  the  lunations.  All 
these  are  taken  with  care  from  the  Nautical  Almanac,  or  calculated 
from  the  data  furnished  by  that  work,  where  the  results  are  not 
directly  given  in  it. 

*  There  was  an  almanac,  named  White's,    not  in  an  uninterrupted  line,  since  the  pre- 
published  as  early  as  1624;  we  do  not  know  i  sent  number  for  1837,  only  professes  to  be 
whether  the  present  White's  is  a  descend-  t  the  88th,    which  would   fix   its  origin  in 
ant  from  this   old  one,    or  not ;    that  is,    1749. 
whether  it  inherits  its  title;  but  if  so,  it  is  I 
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After  the  monthly  ephemerides  we  find  those  of  the  "  new  planets," 
including  that  of  Uranus,  which  still  ranks  as  juvenile,  in  the  opinion 
of  the  antiquated  Mr.  White,  and  as  not  having  yet  attained,  hy  the 
sedateness  and  decorum  of  his  conduct,  the  privilege  of  taking  his 
place  with  the  dii  mojores. 

The  right  ascension,  declination,  and  time  of  culmination  of  these 
five  planets  is  given,  for  every  sixth  day  for  Uranus,  and  for  every 
fourth  for  the  others ;  and  for  every  day  during  the  month  in  which 
their  opposition  takes  place  ;  on  the  day  of  which  phenomenon  the  data 
are  interpolated  for  midnight  also.  To  these  data  the  logarithm  of  the 
distance  from  the  earth  is  added  for  every  eighth  day. 

Then  follows  a  tide  table  for  "  London  new  Bridge"  for  every  day 
in  the  year,  with  data  for  finding  that  at  several  of  the  more  important 
ports,  &c.  on  the  coast. 

The  eclipses  of  Jupiter's  satellites,  which  are  visible  at  Greenwich, 
are  given  from  the  Nautical  Almanac  to  the  nearest  second  for  mean 
time  (w"hich  we  need  hardly  mention  is  that  used  throughout  the  ephe- 
meris,  after  the  laudable  example  set  by  the  Nautical  Almanac  since  1833). 

In  the  "  Speculum  Phainomenorum,"  (we  love  these  learned  titles  in 
barbarous  Latin,  in  almanacs,  where  they  only  ornament  useful  truth, 
and  do  not  cloak  knavery  and  folly,)  all  the  "  phenomena"  of  the  Nautical 
Almanac  are  found,  with  the  addition  of  the  apparent  axes  of  Saturn's 
ring,  &c.  the  mean  time  of  the  occurrence  being  given,  instead  of  the 
less  direct  data  of  the  original. 

This  is  followed  by  a  table  of  the  sun's  right  ascension,  in  sidereal 
time,  at  mean  noon,  for  Greenwich,  for  every  day  in  the  year.  A  table  of 
the  occultations  of  fixed  stars  by  the  moon,  and  that  of  the  illuminated 
portion  of  the  disks  of  Venus  and  Mars,  from  the  Natitical  Almanac ;  and 
lastly,  "  Bishop"  Brinkley's  catalogue  of  40  stars. 

The  appendix  contains  tables  for  correcting  altitudes  for  dip  of  the 
horizon ;  of  semi-diurnal  arcs  for  every  degree  of  latitude  to  65°,  and 
of  declination  to  36° ;  for  reducing  the  sun's  declination  to  any  given 
meridian,  and  to  any  time  under  that  meridian  ;  for  correcting  the  time 
of  the  moon's  passage  of  the  meridian ;  a  table  of  the  hour-angle,  and 
altitude  of  the  sun  when  due  east  or  west,  for  every  degree  of  latitude  to 
70,  and  for  every  degree  of  declination  from  3°  to  23°  28' ;  a  table  of 
amplitudes  equally  comprehensive ;  one  for  computing  equations  to  equal 
altitudes  ;  a  table  of  the  length  of  a  second  of  longitude  and  latitude,  for 
every  degree  of  the  latter  to  69°;  a  table  for  correcting  barometrical 
observations  for  altitudes  of  places ;  and  lastly,  the  radii  of  the  visible 
horizon  for  different  altitudes  above  the  level  of  the  sea. 

Besides  the  matters  we  have  above  enumerated,  there  are  many 
formulae  and  observations  on  the  use,  &c.  of  the  various  articles  of  the 
ephemeris,  introduced  wherever  the  smallest  vacant  space  afforded  an 
opportunity,  bearing  testimony  to  the  able  and  zealous  manner  in  which 
the  editor.  Dr.  Olinthus  Gregory,  devotes  his  talents  to  this  useful  and 
honourable  task""'. 


*  This  ephemeris  consists  of  70  pages 
of  neat,  closely-printed  tabular  matter, 
and  is  sold  for  one  shilling  and  sixpence. 


We  tliiuk  it  would  he  advisable  to  adopt, 
in  this  publication,  the  plan  of  abolishing 
the  use  of  signs,  and  of  giving  the  degrees 
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It  would  be  foreign  to  the  object  of  this  paper,  and  to  the  character 
of  our  magazine,  as  well  as  far  beyond  our  limits,  to  notice  the  host  of 
almanacs,  in  the  most  popular  sense  of  the  term,  that  is,  of  annual  pub- 
lications containing  the  most  generally  useful  data  respecting  the  motions, 
relative  distances,  and  other  phenomena  of  the  heavenly  bodies,  combined 
with  the  articles  of  the  calendar,  and  with  a  variety  of  heterogeneous 
matter;  generally,  with  respeet  to  the  former  part,  none  of  these  works 
sufficiently  explain  to  their  readers  the  simple  fact,  that  no  almanac  can 
be  absolutely  true  for  more  than  one  spot,  and  that  the  same  cannot 
equally  serve  for  the  Land's  End,  John  o'Groat's  House,  and  the  western- 
naost  point  of  Ireland.  A  popular  almanac  should,  therefore,  not  only 
contain  those  articles  which  may  be  useful  to  the  majorit}'^,  but  should 
furnish  distinct  rules,  illustrated  by  examples,  of  the  modes  in  which 
its  data  may  be  adapted  to  any  other  place  within  the  probable  circuit 
of  its  sale  ;  and  should  furnish  the  tables  necessary  for  making  these 
corrections.  Thus,  the  times  of  the  rising  and  setting  of  the  sun  and 
moon,  calculated  for  the  latitude  of  GreeuAvich,  will  clearly  not  suit  that 
of  York;  nor  will  the  time  of  the  moon's  passage  of  the  meridian  be 
the  same  for  Greenwich  and  Bristol ;  facts  of  which  three-fourths  of  tlie 
buyers  of  almanacs  are  ignorant. 

The  British  Almanac  ought,  however,  to  be  cited,  for  its  laudable 
and  effectual  attempts  to  accomplish  much  of  this,  as  well  as  for  the 
quantity,  variety,  and  utility  of  the  popularly  scientific,  as  well  as  mis- 
cellaneous information  it  contains  ;  the  addition  of  meteorological  mean 
data  for  each  month,  the  table  of  the  duration  of  moon-light  throughout 
the  year,  the  auxiliary  table  for  finding  the  time  of  the  sun's  rising  and 
setting,  the  floral  calendar,  and  the  instructions  for  what  ought  to  be  done 
in  the  garden,  the  Hebrew  and  Mohammedan  calendars,  and  many  other 
equally  curious  and  valuable  matters,  may  be  instanced,  as  peculiarly 
proper  for  such  a  popular  publication,  and  certainly  as  placing  it  at  the  head 
of  them  all. 

When  the  French  Bureau  de's  Longitudes  was  established,  one  of  the 
articles  of  the  ordonnajice  directed  the  publication  of  an  Annuaire,  for 
popular  use,  under  the  immediate  superintendence  of  the  scientific  men 
constituting  the  board  ;  this  Annuaire  being  a  sort  of  feudal  rent  for  their 
tenures,  voluntarily  undertaken,  and  ever  since  most  scrupulously  paid. 
The  first  of  these  Annuaires  was  published  in  1798. 

Their  contents,  besides  the  usual  information  of  every  kind  con- 
tained in  a  popular  astronomical  almanac,  consist  of  extensive  and 
useful  tables,  on  the  various  weights,  measures,  and  coins,  ancient  and 
modem,  of  diflPerent  states,  with  the  reduction  of  those  which  are  obso- 
lete in  France  into  the  new  metrical  system ;  comparisons  between  the 
English  measures,  and  those  of  other  countries,  with  the  French ;  statis- 
tical details  as  to  mortalitj"-  throughout  all  the  departments   of  the  king- 


continuously  up  to  360,  as  is  done  in  tlie 
Nautical  Almanac ;  and  this  is  literally  the 
only  improvement  of  which  the  work  seems 
to  us  to  be  capable.  But  we  cannot  re- 
frain from  expressing  our  surprise  and 
regret,  that  Dr.  Gregory  should  allow 
such  a  notice  as  that  which  appears  at 


the  bottom  of  p.  48,  in  any  work  bearing 
his  name.  If  the  "  company"  wish  to 
make  the  most  respectable  of  their  pub- 
lications a  vehicle  for  a  puff  of  their  most 
disgraceful  ones,  Dr.  (Jregory  should  not 
sanction  the  proceeding.  Who  may  his 
astrological  friends  be  ? 
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dom ;  heights  of  mountains ;  specific  gravities  of  bodies ;  dilatations  of 
various  bodies  by  heat,  &c.  &c. 

But  that  whicli  peculiarly  characterises  this  admirable  publication 
is  the  appearance,  each  year,  of  one  or  more  scientific  notices  voluntarily 
contributed  by  M.  Arago,  one  of  the  members  of  the  board  :  their  nature 
and  purport  may  be  best  appreciated,  by  an  enumeration  of  the  subjects 
treated  in  them  from  1829  to  1836  inclusive. 

Oil  the  steam  engine,  in  the  Aiimiaire  for  1829. 

071  the  bursting  qfthe  boilers  of  steam  engines. 

On  the  relative  antiquity  of  the  different  mountain-chains  of  Europe, 
in  that  for  1830. 

Oil  the  polarization  of  light,  and  on  interferences. 

On  light-houses,  in  that  for  1831. 

On  comets.  This  celebrated  paper  has  been  translated,  and  pub- 
lished separately,  by  Lieutenant-Colonel  Gould ;  it  is  by  far  the  most 
comprehensive  and  valuable  popular  treatise  on  the  subject  that  has 
ever  been  written. 

On  the  infiuence  of  the  moon  oti  our  atmosphere,  as  affecting  the 
weather,  and  07i  her  injiuence  on  organic  creation. 

On  the  congelation  of  running  water^  and  the  accumulation  of  ice 
in  streams,  in  the  Aniiuaire  for  1833. 

On  the  heat  of  the  globe. 

On  midtiple  stars. 

On  the  voltaic  pile,  in  that  for  1834. 

On  Artesian  wells,  in  1835. 

Questions  for  solution  relating  to  Meteorology,  t^-c.  in  the  number  for 
1836.  A  translation  of  this  memoir  is  now  being  given  in  our  pages,  as 
our  readers  are  aware. 

These  various  subjects  are  treated  by  M.  Arago  in  a  manner  that 
places  him  as  high  among  jjopular  instructors,  as  he  stands  among 
scientific  philosophers;  the  superiority  of  the  French,  in  the  art  of 
teaching,  must  be  admitted  by  all  candid  persons :  there  are  few  sciences 
or  arts  on  which  such  complete,  useful,  and  intelligible  elementary  works 
are  Avritten,  as  in  French.  The  principal  reasons  for  this  superiority  we 
take  to  be,  that  the  first  savants  of  that  country  are  sincerely  anxious 
to  disseminate  knowledge  among  their  countrymen ;  that  they  are  not 
too  proud,  nor  too  idle,  to  address  themselves  to  the  task,  with  every  zeal 
for  its  successful  accomplishment;  nor  too  mercenary  to  devote  the 
requisite  time,  without  wish  or  expectation  of  adequate  remuneration ; 
and  lastly,  secure  of  their  well-earned  reputation  for  profound  knowledge, 
they  are  not  vain  enough  to  be  always  displaying  it,  even  when  instruct- 
ing the  young.  They  have  studied  the  philosophy  of  education  most 
successfully,  to  judge  by  the  results ;  for,  though  M.  Arago  ranks  high 
among  them,  he  has  many  equals,  if  not  superiors,  in  that  most  valuable 
of  all  arts, — the  art  of  instructing'"'. 


*  In  support  of  our  opinion,  we  would 
cite  the  following  elementary  works,  at 
I'audom,  on  various  sciences  : — 

Francamr  on  Pure  Mathematics. 

Biot,  Treatise  on  Physics. 

La  Place,  System  of  the  World.  I 
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Cuvier,  Theory  of  the  Earth. 
La  "Vallee,  Descriptive  Geometry. 
Dupin,  on  Geometry  applied  to  the  Arts. 
Bourcharlat  on    the  Differential  Cal- 
culus. &c.  &c. 
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Sucli  being  tlie  model,  it  may  well  excite  surprise,  that  it  was  not 
imitated  in  England  till  the  present  time  ;  and  what  is  singular,  we  now 
owe  the  attempt  to  a  French  bookseller  (M,  Bailliere)  settled  in  London. 
Not  a  year  has  passed  since  the  commencement  of  this  century,  without 
the  appearance  of  one  or  more  new  almanacs ;  but  all  have  been  pro- 
fessedly framed  with  a  view  to  iitility*  to  some  one  class  of  the  public : 
we  have  Merchants'  almanacs,  Housekeepers'  almanacs.  University  alma- 
nacs, &c.  but  as  yet,  no  English  publisher  seems  to  hare  recognised  the 
existence  of  a  body  of  scientific  men,  who,  pursuing  knowledge  for  her 
own  sake  independently  of  worldly  profit,  may  yet  have  required  a  port- 
able almanac,  with  a  quantum  of  miscellaneous  matter,  more  imme- 
diately connected  Avith  their  studies  ;  not  consisting  of  tables  of  interest, 
transfer  days  at  the  bank,  holidays  at  the  public  offices,  bankers  of  London, 
lists  of  the  houses  of  lords  and  commons,  and  of  mail  coaches,  and  so  on ; 
but  precisely  of  such  tables  as  constitute  the  bulk  of  those  in  the  Annu- 
aire,  a  work,  by  the  bye,  intended  for,  and  used  by,  all  classes  in  France. 
Adopting  the  idea  from  the  French  work,  a  "  British  Annual"  should 
have  been  a  paraphrase,  and  not  a  translatio7i ;  the  tables  should  have 
been  as  much  framed  for  the  moral  and  physical  latitude  and  longitude  of 
London,  as  the  astronomical  almanac  is  calculated  for  the  mean  time  and 
meridian  of  our  national  observatory.  This,  however,  we  regret  to  say, 
has  not  been  the  view  of  the  matter  taken  by  the  editor  of  the  British 
Annual ;  he  has  contented  himself  with  translaiing  the  tables  from  the 
Amiuaire,  only  converting  the  measures  and  weights  to  the  English 
standards  ;  causing  a  most  amusing  incongruity  between  the  professed, 
or  ostensible,  and  the  real  pervading  spirit  of  the  work.  Thus,  among 
innumerable  instances  of  ^this,  we  may  cite  the  "  heights  of  some  build- 
ings," p.  42,  in  which  there  are  those  of  four  Parisian  edifices,  and  only 
that  of  St.  Paul's  in  London.  We  have  the  height  of  the  column  in  the 
Place  Vendome,  but  not  that  of  our  Monument ;  we  have  the  altitude  of 
the  platform  of  the  royal  observatory  at  Paris,  but  neither  the  height 
abeve  the  mean  level  of  the  Thames  of  the  hill  in  Greenwich  Park,  nor 
of  the  rain-gauge  at  Somerset  House ;  the  height  of  the  tower  of  Notre 
Dame  may  interest  an  Englishman,  but  he  would  like  to  have  been  able 
to  have  compared  it  with  that  of  Westminster  Abbey,  which  he  cannot 
from  the  British  Ajinual ;  and  lastly,  we  have  given  us  the  height  of 
the  mast  of  a  French  120-gun  ship,  instead  of  that  of  the  Regent,  Victory, 
or  Prince.  In  the  table  of  the  heights  of  some  inhabited  places,  we 
have,  naturally  enough  in  a  French  Amiuaire,  those  of  four  villages  in 
the  French  Alps,  the  Paris  observatory  (first  story),  &c.  but  not  one  of 
the  villages  among  our  mountainous  regions,  such  as  they  are,  which 
ought  to  have  been  found  in  a  British  work  of  reference.  » 

The  haste  and  inattention  with  which  the  whole  work  has  been  got 
up,  manifests  itself  in  every  page,  in  most  amusing  ambiguities  and  blun- 
ders. We  have  Anvers  retained  instead  of  Antwerp,  Malines  instead  of 
Mechlin,  Mayence  instead  of  Mentz ;  and  inn\imerable  other  mistakes  in 
orthography  betray  the  French  original,  through  the  unfortunate  incapacity 
for  spelling  foreign  names  rightly,  which  distinguishes  our  neighbours. 

"  This  word,  in  England,  always  implies,  the  art  of  getting  and  saving  money. 


SCIENTIFIC  ALJfAXACS.  435 

In  the  tables  for  the  reduction  of  heights  obtained  by  barometrical 
observations,  we  find  the  centigrade  thermometer  used,  instead  of  Fahren- 
heit's, which  renders  these  tables  comparatively  useless  to  an  English- 
man. In  the  table  of  the  latitudes  and  longitudes  of  the  principal 
observatories,  which  has  been  taken  from  that  in  the  Nautical  Abnatiac 
for  1837,  or  from  the  Anmiaire  of  Brussels,  by  M.  Quetelet,  the  names 
of  the  astronomers  at  some  of  the  most  important  haje  been  retained,  and 
inserted  between  brackets ;  but,  as  the  initial  of  their  titles  of  M.,  Dr., 
Prof,  &c.  is  frequently  omitted  in  the  copy,  though  always  given  in  the 
original,  the  reader  is  exposed  to  the  liability  of  confounding  the  name  of 
a  locality  for  that  of  an  observer,  and  would  naturally  suppose  the  word 
(Borgenhausen),  as  it  is  Avrongly  spelt*,  was  the  appellation  of  the  astro- 
nomer at  Munich,  instead  of  its  being  that  of  the  suburb  where  the 
observatory  is  situated ;  and  if,  in  this  instance,  he  detected  his  error, 
and  determined  to  avoid  a  repetition  of  it,  he  would  infer  that  (Caccia- 
tore),  (Flaugergues),  &c.  were  localities  at  Palermo,  Viviers,  &c.  and 
not,  as  they  really  are,  the  names  of  celebrated  astronomers;  moreover, 
the  longitudes  ought  either  to  have  been  given,  both  in  degrees  and  in 
time,  or  if  in  only  one  of  the  two,  the  former  should  certainly,  under 
these  circumstances,  have  been  preferred. 

But  we  observe  a  more  serious  error  in  the  table  of  the  surface  and 
population  of  the  globe,  p.  151;  this  is,  as  usual,  literally  translated  from 
Quetelet's  work,  and  milles  carves  is  rendered  square  miles,  which  always 
means  our  statute  miles,  while  those  used  by  Balbi  in  the  original  table 
are  geographical  miles.  The  numbers  in  the  British  Annual  are  hence 
all  too  small ;  and  to  complete  the  matter,  the  summary  at  the  end  of 
the  table  is  even  grossly  at  variance  with  the  preceding  details. 

In  the  almanac  part,  the  plan  of  the  Annuaire  has  been  inju- 
diciously departed  from.  In  that  work,  the  successive  columns  for  each 
month  contain  the  sun's  rising,  setting,  and  its  declination;  the  equation  of 
time  ;  the  moon's  age,  her  passage  of  the  meridian,  her  rising,  her  setting, 
and  those  of  the  six  principal  planets,  with  the  time  of  their  culmination  : 
all  this  is  the  kind  of  astronomical  infoi-mation  which  is  expected  in  a 
popular  almanac  ;  and  the  substitution  of  the  sun's  semidiameter  for  its 
rising  and  setting  is  anything  but  an  useful  alteration,  Avhatever  the 
insertion  of  two  columns  of  the  time  of  high  water  at  London  may  be. 
A  better  arrangement  would,  however,  have  allowed  of  both  being  com- 
bined, and  such  an  addition  is  no  more  than  might  be  reasonably  expected 
by  the  public,  considering  the  enormous  diiference  in  price  between  the 
French  and  English  works,  the  latter  being  four  times  as  much  as  the 
former ;  the  French  Amiuaire,  consisting  on  an  average  of  266  pages, 
being  sold  for  one  franc  (in  England  for  one  shilling),  while  the  British 
Annual,  of  375  widely  and  wastefuUy  printed  pages,  is  priced  three  shil- 
lings and  sixpence. 

The  account  of  the  universities,  and  of  the  emoluments  of  the  pro- 
fessors, given  in  the  new  annual,  would  be  both  interesting  and  valuable,  if 
it  were  more  complete ;  but,  for  a  very  inadequate  reason,  no  account  is 


•  The  word  should  be  Bogenhausen,  as 
it  is  in  the  Nautical  Almanac.  Tubingen 
is  also  wrongly  spelt  Tubinguen,  after  the 
French,  manner;    Buda  is   disguised    as 


Bude  ;  Goettingen,  a  la  Franfoise,  is  not 
countenanced  by  Konigsberg,  which  is  the 
right  mode  of  writuig  the  German  diph- 
thong. 
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given  of  the  English  universities  of  Oxford  and  Camhridge,  nor  of  Uni- 
versity and  King's  Colleges,  London;  while  particulars  are  entered  into  of 
all  the  Scottish.  The  statements  regarding  the  continental  institutions  for 
education  are  equally  partial  and  limited ;  we  have  no  allusion  made  to 
Jena,  nor  Gottingen,  nor  to  any  Italian  nor  Spanish  university,  while  the 
comparatively  unimportant  ones  of  Griefswald  and  Breslau  are  men- 
tioned, we  suppose,  because  they  are  included  in  the  work  on  the  state  of 
education  in  Prussia  which  has  been  copied  from.  Nevertheless,  we 
look  on  this  as  the  most  instructive  part  of  the  additions  to  the  plan  of 
the  Anniiaire,  and  we  will  cite  two  facts  from  the  statements,  presuming 
on  their  general  accuracy. 

In  the  Scottish  universities,  supposing  that  the  incomes  of  the  pro- 
fessors may  be  assumed  as  indicating  the  degree  of  estimation  in  which 
the  different  branches  of  study  are  held,  it  seems,  from  the  tables  before 
us,  that  these  will  rank  as  follows  : — Latin  (humanity!);  Greek;  materia 
medica,  practice  of  physic,  anatomy  and  surgery,  and  the  other  depart- 
ments connected  with  the  medical  profession ;  then  the  various  studies  of 
law ;  while  mathematics,  physics,  natural  and  moral  philosophy,  logic, 
and  history,  hold  very  subordinate  places. 

As  a  petidant  to  this  statement,  Ave  will  extract  an  account  of  the 
proficiency  expected  in  the  candidates  for  admission  to  the  Ecole  Polytech- 
nique  in  France.  They  are  previously  examined  in  arithmetic,  loga- 
rithms, elements  of  geometry,  conic  sections  and  geometrical  analysis, 
algebra,  as  far  as  equations  of  the  second  degree,  the  solution  of  indeter- 
minate problems,  and  the  resolution  of  equations  by  approximation,  the  use 
of  logarithms,  sines,  &c.  in  plane  and  spherical  trigonometry,  and  the 
elements  of  mechanics,  as  far  as  the  composition  and  resolution  of  forces, 
and  their  equilibrium  in  simple  machines :  the  candidates  are  also 
expected  to  translate  a  portion  of  a  Latin  classic,  to  write  a  theme  in  their 
native  language  on  a  given  subject,  and  to  copy  a  drawing,  partly  shaded, 
in  chalk*.  Thus  a  degree  of  knowledge  is  expected  from  French  boys  of 
sixteen,  commencing  their  education  in  this  establishment,  which  is  not 
possessed  by  nine  out  of  ten  English  ones  of  twenty,  on  fjiishi7ig  theirs,  in 
private  and  ordinary  schools ;  and  not  by  two  out  of  five,  on  quitting 
Cambridge  or  Oxford. 

In  following  out  the  plan  of  the  Annuaire,  Dr.  R.  D.  Thomson  has 
presented  us  with  five  original  papers;  the  first,  on  the  recent  progress 
in  optical  science,  by  the  Rev.  B.  Powell,  of  Oxford;  experiments  and 
observations  on  visible  vibration  and  nodal  divisions,  by  Mr.  C.  Tomlinson, 
of  Salisbury ;  on  the  recent  progress  of  astronomy,  by  Mr.  Woolhouse, 
of  the  Nautical  Almanac  establishment ;  the  commencement  of  a  history 
of  the  magnet,  by  Mr.  Davies,  of  the  Woolwich  Academy ;  and  a  dis- 
course on  the  recent  progress  of  vegetable  chemistry,  by  the  editor.  We 
have  not  room  to  enter  into  any  consideration  of  these  papers,  except  to 
notice  the  singular  disproportion  in  the  space  allotted  to  them.  In  an 
almanac,  we  have  the  progress  of  astronomy  dismissed  in  ten  pages,  Avhile 
ninety  are  occupied  by  a  disquisition  on  the  early  history  of  the  loadstone ! 

*  It  is  stated  in  the  Annual,  that  *'  the  number  which  underwent  these  examinations, 
and  were  admitted  as  pupils,  in  1835,  was  132." 
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Materials  of  which  Rocks  are  composed. 

Although  it  is  not  necessary  for  a  geologist  to  be  profoundly  versed  in 
chemistry  and  mineralogy,  yet  a  certain  general  acquaintance  Avith  those 
sciences  is  indispensable  to  the  successful  prosecution  of  his  own.  It 
will  therefore  be  our  endeavour,  in  the  present  number,  to  communicate 
to  the  geological  student  something  of  this  necessary  chemical  and  mine- 
ralogical  knowledge. 

The  chemist  divides  all  material  substances  into  two  classes, — 
simple  and  compound.  Simple,  or  elementary  substances,  are  those  out 
of  which  nothing  different  from  themselves  can  be  obtained ;  they  contain 
but  one  kind  of  ponderable  matter.  Compound  bodies,  are  those  which 
contain  two  or  more  elements.  We  are  at  present  acquainted  with  but 
fifty-three  bodies  to  which  the  title  of  elementary  can  be  accorded,  and  out 
of  their  combinations  arises  all  that  variety  of  known  substance  existing  in 
the  earth.  The  list  of  simple  bodies  is  liable  to  continual  fluctuations, 
occasioned  by  the  advance  of  chemical  science.  Many  simple  bodies 
have  been  discovered  within  the  last  thirty  years,  and  more  may  be 
expected  to  be  discovered.  On  the  other  hand,  many  supposed  elementary 
substances  have,  during  the  same  period,  been  proved  to  be  com- 
pounds ;  and,  even  now,  the  chemist  entertains  suspicions  of  the  com- 
pound nature  of  some  bodies,  which  have  hitherto  resisted  all  the 
resources  of  chemical  analysis  to  decompose  them.  These  fifty-three 
bodies  are  called  the  simple  ponderables; — simple,  because  w'e  are  at  pre- 
sent unable  to  reduce  them  to  more  simple  forms  ;  ponderable,  because, 
even  in  their  most  attenuated  stale,  they  possess  sensible  weight.  Hy- 
drogen, which  is  perfectly  invisible,  and  the  lightest  substance  known, 
may  be  confined  in  proper  vessels,  and  the  Aveight  of  even  a  cubic  inch 
of  it  may  be  detected  by  delicate  balances.  If  light,  heat,  and  electricity, 
be  really  material  substances,  and  not  rather  the  effects  of  certain  motions, 
or  affections,  common  to  matter,  they  are  wholly  destitute  of  Aveight,  or, 
at  least,  if  they  possess  any,  aa^c  are  unable  to  discover  it,  by  the  most 
nicely-constructed  balances.  And  yet  they  appear  to  be  acted  on  by  some 
of  the  same  poAvers,  under  some  of  the  same  laAvs,  to  Avhich  matter  is 
subject,  and  the  phenomena  to  Avhich  they  give  rise  may  be  explained  on 
the  supposition  of  their  being  extremely  subtle  forms  of  matter.  On 
this  supposition,  they  have  received  the  name  of  the  imponderables. 

Matter  presents  itself  to  our  observation  under  three  forms, — the 
solid,  the  Jluid,  and  the  gaseous,  or  aeriform.  Solids,  are  bodies  whose 
particles  are  prevented,  by  Avhat  is  called  the  attractio7i  of  cohesion,  from 
moving  freely  among  themselves.  Fluids,  are  bodies  Avhose  component 
particles  are  free  to  move  upon  one  another,  Avith  very  slight  friction. 
Aeriform  bodies,  are  lighter  than  solids  and  fluids,  and  their  particles 
appear  to  be  AvhoUy  destitute  of  cohesion.  Such  bodies  are  called  elastic 
fluids,  because  they  yield  readily  to  pressure,  and  expand  when  the  pres- 
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sure  is  removed,     Non-elastic  fluids  do  not  yield  perceptibly  to  ordinary 
pressure,  nor  do  they  dilate  perceptibly  on  its  removal. 

Solids  may  be  converted  into  fluids,  and  fluids  into  gaseous  bodies,  by 
the  agency  of  heat, — as  when  ice  or  lead  is  melted,  or  mercury  converted 
into  vapour,  or  Avater  into  steam ;  and  different  substances  require  dif- 
ferent temperatures  for  the  production  of  these  changes.  Aeriform 
bodies  which  can  be  condensed,  by  cold  and  pressure  into  fluids,  are 
called  vapours;  others  are  permanently  elastic,  and  by  no  degree  of  cold 
or  pressure  can  they  be  converted  into  a  less  attenuated  form.  To  these 
only,  is  the  term  gases  properly  applied.  Oxygen,  and  hydrogen,  of 
which  we  shall  speak  presently,  are  gases.  Chlorine,  at  ordinary  tem- 
peratures, is  a  vapour,  which  may  be  compressed  into  a  fluid  ;  and  water, 
which  at  ordinary  temperatures  is  a  fluid,  is  converted,  by  the  addition 
of  heat,  into  a  vapour. 

The  fifty-three  elementary  bodies,  at  present  known,  may  be  con- 
veniently classed  under  the  following  heads :  , 

Five  gases,  or  vapours: — Oxygen,  hydrogen,  nitrogen,  chlorine, 
and  fluorine. 

Seven  noti-metallic  solids  and  fluids : — Sulphur,  phosphorus,  sele- 
nium, iodine,  bromine,  boron,  and  carbon. 

Three  metallic  basesqfthe  alkalies: — Potassium,  sodium,  and  lithium. 

Four  metallic  bases  of'  the  alkaline  earths: — Barium,  strontium, 
calcium,  and  magnesium. 

Five  metallic  bases  of  the  earths : — Aluminum,  silicum,  yttrium, 
glucinum,  and  zirconium. 

produce 


Twenty-nine    metals, 

whose   combinations 

with   oxygen    ] 

neither  alkalies  nor  earths  : 

— 

1.  Manganese, 

11.  Uranium, 

21.  Mercury, 

2.  Iron, 

12.  Columbium, 

22.  Silver, 

3.  Zinc, 

13.  Nickel, 

23.  Gold, 

4.  Tin, 

14.  Cobalt, 

24.  Platinum, 

5.  Cadmium, 

15.  Cerium, 

25.  Palladium, 

6.  Arsenic, 

16.  Titanium, 

26.  Rhodium, 

7.  Molybdenum, 

17-  Bismuth, 

27.  Osmium, 

8.  Chromium, 

18.  Copper, 

28.  Iridium, 

9.  Tungstenum, 

19.  Tellurium, 

29.  Vanadium 

10.  Antimony, 

20.  Lead, 

Of  these  metals,  the  first  five  decompose  water  at  a  red  heat.  The 
next  fifteen  do  not  decompose  water  at  any  temperature,  and  their  oxides 
are  not  reduced  to  the  metallic  state  by  the  sole  action  of  heat.  The 
oxides  of  the  rest  are  decomposed  by  a  red  heat. 

A  glance  at  the  above  list  of  elementary  bodies  is  sufficient  to  satisfy 
us  that  the  larger  proportion  of  them  are  of  a  metallic  nature.  Metals 
are  distinguished  by  the  following  characters  : — they  are  conductors  of 
electricity,  and  of  caloric,  or  heat.  When  their  combinations  with  oxy- 
gen, chlorine,  sulphur,  or  other  similar  substances,  are  decomposed  by  the 
action  of  the  galvanic  battery,  the  metals  always  appear  at  the  negative 
pole,  and  hence  are  said  to  be  positive  electrics.  They  are  opaque,  not 
permittinCf  the  passage  of  light,  even  when  reduced  to  thin  leaves.    They 
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are,  for  the  most  part,  good,  reflectors  of  light,  and  have  the  well-known 
peculiar  lustre,  called  the  metallic. 

All  the  elementary  hodies*  enter  into  the  composition  of  that  great 
variety  of  minerals  and  rocks  of  which  the  crust  of  the  earth  is  composed  ; 
some  of  them  occurring  in  the  greatest  abundance,  others  being  exceed- 
ingly rare.  Those  which  are  most  abundant,  are  usually  found  in  combi- 
nation, seldom  in  an  elementary  form.  Oxygen,  the  most  abundant  of  all, 
does  not  occur  in  nature  except  in  combination ;  and  palladium,  one  of 
the  most  rare,  is  only  met  with  in  the  metallic  state.  Few  of  the  elementary 
bodies  are  ever  found  uncombined.  The  following  are  all  that  are  ever 
so  found,  and  then  only  in  small  quantities  : — Carbon  occurs  pure,  only 
in  the  diamond.  Native,  or  pure  sulphur,  is  exhaled  from  volcanoes. 
Gold,  silver,  palladium,  platinum,  mercury,  copper,  iron,  antimony,  bis- 
muth, and  arsenic,  are  the  only  metals  that  have  been  found  in  the 
metallic  state.  Notwithstanding  the  tendency  to  combination  which 
subsists  among  the  elementary  bodies,  the  substances  produced  by  their 
combinations  are  neither  so  complex,  nor  so  numerous,  as  might  be  sup- 
posed. Few  minerals  contain  more  than  five  or  six  elementary  con- 
stituents, and  many  contain  only  two  or  three.  If,  indeed,  the  afl&nity, 
or  disposition  to  combine,  were  equally  great  between  every  two  of  the 
simple  bodies,  there  might,  of  course,  be  as  many  minerals  as  there  are 
possible  combinations  between  fifty-three  different  substances  ;  and  if 
they  combined  in  all  proportions,  the  number  of  minerals  would  be 
endless  ;  but  the  affinities  vary  in  degree,  so  that  those  substances  between 
which  the  strongest  affinities  subsist  combine,  and  thus  prevent  combi- 
nations between  those  possessing  more  feeble  affinities  ;  and  some  of  the 
elementary  bodies  have  no  affinity  for  each  other,  and  cannot,  by  any 
means,  be  made  to  combine.  Thus,  the  affinit}''  of  the  metallic  bases  of 
the  alkalies  for  oxygen  is  so  great,  that  it  is  with  the  utmost  difficulty 
they  can  be  separated  from  it ;  or,  when  separated,  preserved  long  in  that 
state.  Gold  and  platinum,  on  the  other  hand,  have  so  weak  an  affinity 
for  oxygen,  that  the  ores  of  those  metals  never  occur  as  oxides. 

There  is,  moreover,  another  important  law  of  chemical  combination, 
which  exercises  a  powerful  influence  in  limiting  the  number  of  compound 
bodies, — namely,  that  in  all  bodies  which  are  not  mere  mechanical 
mixtures,  but  chemical  combinations,  the  ingredients  of  which  they  are 
composed  always  unite  in  definite  and  invariable  proportions. 

Thus,  hydrogen,  Avhich  is  the  lightest  of  all  bodies,  combines  with 
eight  times  its  weight  of  oxygen  to  form  water ;  and  this  is  the  lowest 
proportion  in  Avhich  oxygen  enters  into  combination.  Taking,  then, 
hydrogen  as  unity,  the  combining  proportion  of  oxygen  will  be  8,  and 
the  combining  proportion  of  water  Avill  be  8  -|-  1,  or  9.  The  combining 
proportion  of  bodies  is  sometimes  called  their  atomic  weight,  or  their 
representative  number,  or  equivalent.  Again,  oxygen  and  calcium  com-r 
bine  in  no  other  proportion  than,  oxygen  8  partst  -I-  calcium  20  parts  =:  28 
oxide  of  calcium,  or  lime.  When  a  body  combines  with  another  in 
more  than  one  proportion,   the   proportion  in  each  successive  compound 

*  With  one  exception,  for  iodine  lias  not  yet  been  found  in  any  mineral. 
■\  Parts  always  moan  parts  by  weight. 
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is  an  even  multiple  of  the  lowest  combining  proportion.     Thus  sulphur 
combines  with  oxygen  in  two  proportions  : — 

1.  Sulphur  16  parts  +  oxygen  8  parts  =  24  sulphurous  acid. 

2.  Sulphur  16  parts  +  oxygen  16  parts  =  32  sulphuric  acid. 

Nitrogen  and  hydrogen  afford  another  exemplification  of  this  law 
of  chemical  combination.     They  form  five  different  compounds  : — 

1.  Nitrogen  14  parts  +  oxygen  8  parts     =  22  nitrous  oxide. 

2. 14 16  :=  30  nitric  oxide. 

3.  14 24  :=  38  hyponitrous  acid. 

4.  14  32  =  46  nitrous  acid. 

5. 14 40  =  55  nitric  acid. 

•  Binary  compounds  are  substances  composed  of  two  elementary  bodies 
united  in  definite  proportions,  which  are  well  known  and  invariable. 
The  binary  compounds  of  most  frequent  occurrence  in  the  mineral  king- 
dom are,  alkalies,  earths,  metallic  oxides,  allo3'S  or  combinations  of 
metals  in  their  metallic  state,  acids,  sulphurets  or  combinations  of  bodies 
with  sulphur,  and  carburets  or  compounds  of  bodies  Avith  carbon ;  and 
when  these  binary  compounds  unite,  they  unite,  like  the  simple  bodies, 
in  definite  proportions.  Lime  is  a  binary  compound,  consisting  of 
calcium  20  parts  +  oxygen  8  parts  :=  28  lime,  or  oxide  of  calcium. 
Carbonic  acid  is  likewise  a  binary  compound,  consisting  of  carbon  6  + 
oxygen  16  (two  proportions)  ==  22  carbonic  acid,  and  these  numbers  28 
and  22  are  the  proportions  in  which  these  two  binary  compounds,  lime 
and  carbonic  acid,  unite  to  form  carbonate  of  lime  ;  in  every  50  grains 
of  which  there  are  28  of  lime  and  22  of  carbonic  acid.  Now,  though 
carbonate  of  lime  is  a  compound  of  two  binary  compounds,  it  contains 
but  three  elementary  substances,  calcium,  oxygen,  and  carbon.  It  is, 
therefore,  called  a  tei-nary  compound.  This  is  a  very  extensive  and 
important  class  of  bodies,  comprehending  most  of  those  substances 
termed  salts.  It  is  necessary  in  this  place  to  say  something  respecting 
the  modern  system  of  chemical  nomenclature  ;  and  Dr.  Turner's  expla- 
nation of  it  is  so  clear  and  elegant,  and  at  the  same  time  so  concise,  that 
it  would  be  unpardonable  either  to  attempt  an  abridgment  of  it,  or  to 
ofter  any  sketch  of  our  own.  "  Chemistry,"  he  says,  "  is  indebted  for 
its  nomenclature  to  the  labours  of  four  celebrated  chemists,  Lavoisier, 
Berthollet,  Guyton-Morveau,  and  Fourcroy.  The  principles  which  guided 
them  in  its  construction  are  exceedingly  sirajjle  and  ingenious.  The 
known  elementary  substances,  and  the  more  familiar  compound  ones, 
were  allowed  to  retain  the  appellations  which  general  custom  had 
assigned  them.  The  newly-discovered  elements  were  named  after  some 
striking  property.  Thus,  as  it  was  supposed  that  acidity  was  always 
owing  to  the  presence  of  the  '  vital  air'  discovered  by  Priestley  and 
Scheele,  they  gave  it  the  name  of  oxygen,  derived  firom  the  Greek  words 
signifying  generator  of  acid ;  and  they  called  '  inflammable  air'  hydrogen, 
from  the  circumstance  of  its  entering  into  the  composition  of  water. 

"  Compounds  of  which  oxygen  forms  a  part,  were  called  acids,  or 
oxides,  accordingly  as  they  do  or  do  not  possess  acidity.  An  oxide  of 
iron,  or  copper,  signifies  a  combination  of  those  metals  with  oxygen  which 
has  no  acid  properties.     The  name  of  an  acid  was  derived  from  the  sub- 
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stance  acidified  by  the  oxygen,  to  which  was  added  the  termination  ic. 
Thus,  sulphuric  and  carbonic  acids,  signify  acid  compounds  of  sulphur  and 
carbon  with  oxygen  gas.  If  sulphur,  or  any  other  body,  should  form 
two  acids,  that  which  contains  the  least  quantity  of  oxygen  is  made  to 
terminate  in  ous,  as  sulphurow*  acid.  The  termination  in  uret  was 
intended  to  denote  combinations  of  the  simple  non-metallic  substances, 
either  with  one  another,  with  a  metal,  or  Avith  a  metallic  oxide.  iSul- 
pli;<re^  and  carhuret  of  iron,  for  example,  signify  compounds  of  sulphur 
and  carbon  with  iron.  The  different  oxides  or  sulphurets  of  the  same 
substance,  were  distinguished  from  one  another  by  some  epithet  which 
was  commonly  derived  from  the  colour  of  the  compound,  such  as  the 
black  and  red  oxides  of  iron,  the  black  and  red  sulphurets  of  mercury. 
Though  this  practice  is  still  continued  occasionally,  it  is  now  more 
customary  to  distinguish  degrees  of  oxidation  by  derivatives  from  the 
Greek.  Pro/oxide  signifies  the  first  degree  of  oxidation,  cieuioxide  the 
second,  trito^ide  the  third,  and  peroxide  the  highest.  The  sulphurets, 
carburets,  &c.  of  the  same  substances  are  designated  in  a  similar  way. 
The  combinations  of  acids  with  alkalies,  earths,  or  metallic  oxides,  were 
termed  sails,  the  names  of  which  were  so  contrived  as  to  indicate  the 
substances  contained  in  them.  If  the  acidified  substance  contains  a 
maximum  of  oxygen,  the  name  of  the  salt  terminates  in  ate  j  if  a 
minimum,  the  termination  ite  is  employed.  Thus  sulphate,  phospha/c, 
and  axsemate  of  potash,  are  salts  of  sulphuric,  phosphoric,  and  arsenic 
acids  ;  while  the  terms  sulphi/c,  phosphide,  and  arsenide  of  potash,  denote 
combinations  of  that  alkali  with  the  sulphuro?/*,  phosphorow*,  and  arse- 
nioK*  acids.  The  advantages  of  a  nomenclature  Avhich  disposes  the 
dilierent  parts  of  a  science  in  so  systematic  an  order,  and  gives  such 
poAverful  assistance  to  the  memory,  is  incalculable.  The  principle  has 
been  acknowledged  in  all  countries  where  chemical  science  is  cultivated; 
and  its  minutest  details  have  been  adopted  in  Britain.  It  must  be 
admitted,  indeed,  that  in  some  respects  the  nomenclature  is  defective. 
The  erroneous  idea  of  oxygen  being  the  general  acidifying  principle,  has 
exercised  an  injurious  influence  over  the  Avhole  structure.  It  would 
have  been  convenient  also  to  have  had  a  difterent  name  for  hydrogen. 
But  it  is  now  too  late  to  attempt  a  change ;  for  the  confusion  attending 
such  an  innovation  would  more  than  counterbalance  its  advantages. 
The  original  nomenclature,  therefore,  has  been  preserved,  and  such 
additions  have  been  made  to  it  as  the  progress  of  the  science  rendered 
necessary.  The  most  essential  improvement  has  been  suggested  by  the 
discovery  of  the  laAvs  of  chemical  combination.  The  different  salts 
formed  of  the  same  constituents  were  formerly  divided  into  neutral, 
super,  and  ^wi-salts.  They  were  called  neutral,  if  the  acid  and  alkali 
are  in  proportion  for  neutralizing  one  another ;  super-salts,  if  the  acid 
prevails ;  and  sub-salts,  if  the  alkali  is  in  excess.  The  name  is  now 
regulated  by  the  atomic  constitution  of  the  salt.  If  it  be  a  compound  of 
one  equivalent  of  the  acid  to  one  equivalent  of  the  alkali,  the  generic 
name  of  the  salt  is  employed  without  any  other  addition ;  but  if  two  or 
more  equivalents  of  the  acid  be  attached  to  one  of  the  base,  or  two  or 
more  equivalents  of  the  base  to  one  of  the  acid,  a  numeral  is  prefixed 
so  as  to  indicate  its  composition.     The  two  salts  of  sulphuric  acid  and 
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potash  are  called  sulphate  and  6«- sulphate ;  the  first  containing  one 
equivalent  of  the  acid  to  one  equivalent  of  the  alkali,  and  the  second 
salt  two  of  the  former  to  one  of  the  latter.  The  three  salts  of  oxalic 
acid  and  potash  are  termed  the  oxalate,  bin-oxa\ate,  and  </?/rt(//-o-oxalate 
of  potash ;  because  one  equivalent  of  the  alkali  is  united  with  one  equi- 
valent of  acid  in  the  first,  with  two  in  the  second,  and  with  four  in  the 
third  salt.  As  the  numerals  Avhich  denote  the  equivalents  of  the  acid 
in  a  super-salt  are  derived  from  the  Latin  language,  Dr.  Thomson  pro- 
poses to  employ  the  Greek  numerals  dis,  Iris,  fetrakis,  to  signify  the 
equivalents  of  alkali  in  a  sub-salt.  This  method  is  in  the  true  spirit  of 
the  original  framers  of  our  nomenclature.  Chemists  have  already  begun 
to  apply  the  same  principle  to  other  compounds  besides  salts ;  and  there 
can  be  no  doubt  that  it  will  be  applied  universally,  whenever  our  know- 
ledge shall  be  in  a  state  to  admit  of  its  introduction*". 

The  above  account  of  the  present  system  of  chemical  nomenclature 
explains  the  nature  of  the  substances  enumerated  in  our  list  of  binary 
compounds,  under  the  names  of  acids,  oxides,  sulphurets,  and  carburets. 
It  will,  however,  be  as  w^ell  to  describe  the  characteristic  properties 
which  distinguish  acids  and  alkalies.  Alkalies  have  a  peculiar  pungent 
taste;  they  neutralize  acids;  they  change  some  vegetable  blues  to  green; 
they  change  to  a  reddish  brown  the  yellow  colour  of  paper  stained  with 
turmeric ;  and  they  restore  the  blue  colour  of  litmus  paper  reddened  by 
the  action  of  acids. 

Acids  are  compounds  capable  of  uniting  in  definite  proportions 
with  alkaline  and  earthy  bases,  and,  when  in  a  state  of  solution,  they 
either  have  a  sour  taste,  or  redden  litmus  paper.  Most  acids  contain 
oxygen  as  one  of  their  ^elements,  which  was  therefore  supposed,  at  one 
time,  to  be  the  acidifying  principle ;  but  acids  exist  which  have  no  trace 
of  oxygen,  and  there  are  bodies  (water,  for  instance,)  which  contain 
a  large  proportion  of  oxygen  without  possessing  acid  properties.  Those 
acids  in  which  hydrogen  is  one  of  the  elements,  are  called  hydracids. 

In  analyzing  a  mineral,  it  is  sufficient  if  we  ascertain  the  nature 
and  proportions  of  the  binary  compounds  of  which  it  consists  ;  and  the 
results  of  an  ultimate  analysis  may  then  be  deduced  from  calculation. 
Thus  having  ascertained  that  50  parts  of  carbonate  of  lime  contain  28 
parts  of  lime  and  22  of  carbonic  acid,  and  knowing  that  lime  consists 
of  carbon  6  -|-  oxygen  16  parts,  we  find  that  in  50  parts  of  carbonate 
of  lime,  reduced  to  its  simplest  constituents,  there  are  20  parts  of 
calcium,  6  of  carbon,  and  24  of  oxygen. 

When  we  speak  of  simple  minerals,  we  use  the  term  simple  in  a 
difi'erent  sense  from  that  in  which  it  is  used  by  the  chemist.  He  applies 
it  only  to  those  bodies  which  resist  all  the  powers  of  chemical  analysis 
to  decompose  them.  The  mineralogist,  on  the  other  hand,  sees,  aggre- 
gated in  rocks,  certain  minerals  distinguished  from  each  other  by 
peculiar  characters.  He  can  separate  them  froqi  one  another  by 
mechanical  means,  and  in  this  separate  state  he  makes  them  his  study, 
and  calls  them  simple,  because  he  cannot  reduce  them  to  a  more  simple 
state,  except  by  means  of  chemical  analysis. 

Marble,  or  carbonate  of  lime,  is,   in  this  view,  a  simple  mineral, 

*  Turner's  Elements  of  Chemistry,  p.  125. 
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because,  although  we  reduce  it  to  the  finest  possible  powder,  we  have  still 
nothing  but  fine  particles  of  carbonate  of  lime,  each  consisting  of  lime  and 
carbonic  acid,  and  it  is  only  by  subjecting  it  to  the  action  of  heat  or  acids 
that  we  can  obtain  these  elements  in  a  separate  form.  If  we  expose 
carbonate  of  lime  for  a  considerable  time  to  a  red  heat,  we  drive  off  the 
carbonic  acid,  and  oxide  of  calcium  remains ;  the  loss  of  weight  indi- 
cating the  quantity  of  carbonic  acid  expelled.  Or,  if,  into  a  small  flask 
containing  diluted  muriatic  acid,  the  weight  of  the  flask  and  acid  being 
ascertained,  a  known  quantity  of  carbonate  of  lime,  reduced  to  small 
fragments,  be  gradually  introduced  (care  being  taken  to  prevent  any  of 
the  liquid  from  being  thrown  out  by  effervescence),  the  diminution  of 
weight  experienced  by  the  flask  and  its  contents  will  indicate  the  quan- 
tity of  carbonic  acid  which  the  carbonate  of  lime  contained ;  the  lime 
now  remaining  in  solution  as  muriate  of  lime,  from  which  it  may  be 
separated  by  the  proper  re -agents. 

Granite  is  a  compound  rock,  consisting  of  three  minerals.  By 
slightly  pounding  a  piece  of  this  rock  in  an  iron  mortar  we  may  separate 
these,  and  may  proceed  to  examine  those  characters  which  distinguish 
them  from  each  other,  and  from  other  minerals.  "We  may  determine 
their  specific  gravity,  or  the  weight  of  each  compared  with  an  equal 
bulk  of  water.  We  may  ascertain  the  shape  of  their  crystals,  if  they 
occur  regularly  crystallized ;  or  if  only  confusedly  crystallized,  the  shape 
of  the  primitive  form  of  their  crystals, — that  is,  the  shape  into  which 
they  may  be  reduced  by  dividing  them  in  directions  parallel  to  the  planes 
of  natural  cleavage.  We  may  examine  their  hardness  indicated  by 
their  yielding,  or  not  yielding,  to  the  nail,  the  knife,  or  the  file  ;  by  their 
scratching  glass,  or  giving  sparks  with  steel.  We  may  try  whether  they 
are  brittle,  tough,  flexible,  or  elastic.  We  may  examine  their  colours, 
and  other  relations  to  light,  as  opacity,  transparency,  translucency,  and 
refraction.  We  may  ascertain  their  lustre,  and  the  aspect  of  a  fresh 
fracture  ;  also,  whether  they  feel  unctuous  to  the  touch ;  whether  they 
have  any  taste  or  smell,  or  adhere  to  the  tongue ;  Avhether  they  are 
affected  by  the  magnet,  or,  when  excited  by  heat  or  friction,  whether 
they  exhibit  electric  properties,  or  appearances  of  phosphorescence.  We 
are  thus  furnished  with  a  list  of  external  characters  by  which  we  may 
discriminate  minerals.  We  may  thus  distinguish  the  constituents  of 
granite  from  one  another,  and  from  other  minerals ;  we  may  distinguish 
mica  from  talc,  and  from  plate  selenite,  to  Avhich  it  has  some  general 
resemblance  ;  and  we  may  distinguish  quartz  from  felspar,  from  calcareous 
spar,  from  carbonate  of  manganese,  from  fluor  spar,  and  from  sulphate  of 
barytes,  with  all  of  which  we  have  known  it  to  be  confounded  by 
persons  not  conversant  with  mineralogy. 

Having  ascertained  that  granite  is  a  compound  of  three  minerals, 
quartz,  felspar,  and  mica,  we  have  recourse  to  chemical  analysis,  as  in 
the  case  of  carbonate  of  lime,  in  order  to  determine  the  elementary 
substances  of  which  each  of  those  minerals  is  composed.  Our  mode  of 
proceeding,  however,  must  be  somewhat  different,  since  each  of  these 
minerals  contains  several  elementary  substances,  and  since  they  are  not 
soluble  in  acids.  In  order,  therefore,  to  bring  them  into  a  state  of  solu- 
tion, we  take  a  given  quantity,  50  or  100  grains  for  instance,  of  one  of 
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them,  previously  reduced  to  very  fine  powder,  and  fuse  it  in  a  pla- 
tinum crucible,  Avitli  three  or  four  times  its  weight  of  alkali,  which, 
uniting  witli  one  or  more  of  the  constituents  of  the  mineral,  effects 
its  decomposition.  The  fused  mass  is  now  soluble  in  water,  or  diluted 
muriatic  acid,  and,  by  the  application  of  different  re-agents,  its  consti- 
tuents arc  successively  precipitated,  separated  from  the  solution  by 
filtration,  carefully  dried  and  weighed,  and  their  separate  quantities  being 
added  together,  ought  to  be  equal  to  the  weight  submitted  to  analysis, 
a  trifling  allowance  being  made  for  unavoidable  waste  ;  and  thus  the 
composition  of  quartz,  felspar,  and  mica  is  found  t#  be  : — 

Quartz. — Almost  wholly  silica,  combined  with  2  or  3  per  cent,  of  water. 

Mica  : — Silica 5375 

Alumina  ....  24*62 
Potash      .     .     .     .21-35 


Felspar: 

— Silica     .     .     . 

.  63-74 

Alumina     .     . 

.  17J4 

Lime      .     .     . 

.     3-00 

Potash  .     .     . 

.  1306 

Loss  and  water 

.     306 

99-72 

Loss -28 

10000  i  j;oo^ 

Thus,  the  province  of  the  chemist  with  respect  to  minerals  is  to 
resolve  them  into  their  elements,   and  to  investigate  the  properties   of 
these,  and  the  laws  of  their  combination.      The  mineralogist  makes  the 
minerals  themselves  the  objects  of  his   study,    investigating  their  cha- 
racters, and  the  properties  by  which  they  are  distinguished,  and  he  thus 
learns  to  discriminate  them  when  aggregated  in  rocks.     It  is  in  this,  their 
aggregated  state,  as  masses,  and  in  their  relations  to  other  similar  masses, 
that   they   become   subjects    of   investigation   with   the   geologist,   who 
observes  whether  they  occur  stratified,  unstratified,  or  in  veins  ;  and  he 
endeavours  to  discover  the  agencies  employed  in  their  formation,  and 
the  epochs  at  which  they  were  formed  ;  only   studying  the  minerals  of 
which  they  are  composed,  and  the   elements  of  those  minerals,  so  far  as 
they  may  tend  to  throw  light  on  those  inquiries.    Li  granite,  for  instance, 
he  sees  a  crystalline,  unstratified  rock,  composed  of  quartz,  felspar,  and 
mica,  forming  the  foundation  on  which  the  stratified  rocks  rest,  and  also 
rising  through  them,  and  forming  the  summits  of  lofty  mountains.     He 
observes  that  it  has  frequently   sent  off  veins  into  the  superincumbent 
rocks,  and  seeing  the  nature   of  the  changes  produced  in  these  at  the 
point  of   contact  with  the  granite,    and  their  disturbed    and   inclined 
position  in  the  neighbourhood  of  it,   he   is  led,  in   speculating  on  the 
mode  in  Avhicli  that  rock  was  formed,  to  infer  that  it  was  once  in  a  state 
of  fusion,  and  that  it  was  the   agent  employed  in  the  upheavement  of 
chains  of   mountains,    and   in  placing  in    their   inclined  and  elevated 
position  beds  of  rock  containing  marine  remains,  which  must  have  been 
formed  at  the  bottom  of  the  ocean,  and  in  a  horizontal  position.    Having 
observed,  moreover,  that  rocks  which,  in  different  localities,  have  suffered 
disturbance  in   the  vicinity  of   granite,    belong  to    different   geological 
epochs,  evinced  by  their  different  groups  of  organic  remains,  he  concludes 
that  all  the  granite  in  the  world  was  not  formed   at  one  and  the   same 
time,  but  that  there  have  been  ejections  of  it  at  various  periods. 

Such,  then,  are  the  different  trains  of  investigation  to  which  the  same 
substances  give  rise  in  the  hands  of  the  chemist,  the  mineralogist,  and 
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the  geologist.  Let  us  now  enter  into  the  consideration  of  some  of  the 
elementary  substances,  which  are  of  the  most  importance  as  ingredients 
of  the  crust  of  the  earth. 

At  the  head  of  this  list  stands  oxygen,  which  combines  with  so 
many  substances,  and  enters  so  largely  into  the  composition  of  many 
minerals,  and  those  the  most  common  ingredients  of  rocks,  that  it  may 
be  said  to  form  half  of  the  ponderable  matter  of  which  the  exterior  parts 
of  the  globe  consist.  It  constitutes  8  parts  out  of  16  of  silica,  8  parts  out 
of  18  of  alumina,  8  parts  out  of  28  of  lime,  8  parts  out  of  20  of  mag- 
nesia, 8  parts  out  of  48  of  potash,  and  8  parts  out  of  32  of  soda.  It  is 
an  essential  element  of  many  acids.  United  with  carbon,  in  the  propor- 
tion of  16  to  6,  it  forms  carbonic  acid,  which  constitutes  nearly  half  of 
carbonate  of  lime,  which  has  been  estimated  as  one-eighth  of  the  crust  of 
the  globe.  Oxygen  forms  8  parts  out  of  9  of  water,  and  enters  exten- 
sively into  the  composition  of  many  of  the  ores  of  manganese,  tin,  lead, 
iron,  and  copper ;  but  it  is  never  met  with  except  in  combination  with 
some  other  substance. 

A  large  portion  of  the  atmosphere  consists  of  oxygen,  deprived  of 
which,  it  loses  its  power  of  supporting  animal  life.  Oxygen  is  not  in- 
flammable, but  a  supporter  of  combustion.  Every  substance  that  will 
burn  in  atmospheric  air,  burns  with  far  greater  brilliancy  in  oxygen  gas. 
Even  iron  and  steel  undergo  rapid  combustion  in  it.  Combustion  is  a 
combination  of  oxygen  with  the  burning  body,  and  the  products  of  com- 
bustion in  oxygen  gas,  or  atmospheric  air,  are  oxides. 

Oxygen,  in  its  elementary  state,  is  an  invisible,  permanently-elastic 
gas,  without  taste  or  smell,  a  feeble  refractor  of  light,  and  a  non-con- 
ductor of  electricity.  When  the  compounds  of  oxygen  are  submitted  to 
the  action  of  a  galvanic  battery,  the  oxygen  is  always  determined  to  the 
positive  pole,  and  is  therefore  said  to  be  negatively  electric.  Its  combin- 
ing proportion  has  already  been  stated  to  be  8. 

Hydrogen. 
Hydrogen  is  the  lightest  of  all  known  material  substances,  and  is  taken 
as  the  standard  of  comparison  for  the  specific  gravity  of  the  gases,  as 
water  is  for  that  of  solids  and  liquids.  It  is  by  no  means  an  important 
element  in  the  composition  of  rocks.  It  is,  like  oxygen,  an  invisible  and 
permanently-elastic  gas.  It  is  highly  inflammable  ;  combined  with  sul- 
phur it  forms  sulphuretted  hydrogen,  Avhich,  as  well  as  hydrogen  itself, 
is  emitted  from  the  earth  in  volcanic  regions.  Sulphuretted  hydrogen, 
when  absorbed  by  water,  communicates  to  it  the  peculiar  properties  of 
the  Harrowgate  and  other  sulphureous  springs.  That  species  of  lime- 
stone called  swinestone,  is  supposed  to  derive  its  fetid  odour  when  rubbed, 
from  the  presence  of  sulphuretted  hydrogen.  Combined  with  carbon, 
hydrogen  forms  carburetted  hydrogen,  which  issues  in  large  quantities 
from  between  beds  of  coal,  and  produces  those  fatal  explosions  known  to 
miners  by  the  name  of  fire-damp.  Hydrogen  constitutes  1  part  in  9  of 
water.  "Water  is  contained  in  most  minerals  as  an  accidental  ingredient, 
either  inclosed  in  cavities,  as  in  rock  crystal,  calcedony,  and  flint,  or 
absorbed  by  most  earthy  and  porous  minerals  ;  but  it  is  also  chemically 
combined  with  many  minerals,  both  crystalline  and  massive,  as  an  essen- 
tial ingredient.     These  combinations  with  water  are  called  hydrates ;  and 
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Avhen  water  forms  an  essential  ingredient  of  a  crystallized  mineral,  it  is 
called  its  water  of  crystallization.  Hydrogen  is  a  positive  electric  with 
respect  to  oxygen,  chlorine,  and  that  class  of  bodie?,  but  negative  vdth 
respect  to  the  metals.  It  is  a  powerful  refractor  of  light.  It  soon  causes 
death  to  an  animal  that  breathes  it.     Its  combining  proportion  is  1. 

Nitrogen. 
Nitrogen  is  likewise  a  permanently-elastic,  invisible  gas,  without  taste 
or  smell.  It  is  not  combustible,  but  extinguishes  burning  bodies  that 
are  plunged  in  it.  It  is  incapable,  when  respired,  of  supporting  animal 
life  ;  and  yet,  diluted  with  oxygen,  in  the  proportion  of  8  parts  of  oxygen 
to  28  of  nitrogen,  it  forms  atmospheric  air,  so  essential  to  life.  Air  is 
not  a  chemical  combination  of  these  gases,  but  a  mechanical  mixture  of 
them.  A  chemical  combination  of  oxygen  and  nitrogen,  in  proportions 
which  we  have  before  stated,  constitutes  nitric  acid,  one  of  the  most 
violent  and  poisonous  of  that  class  of  bodies.  Nitrogen  combined  with 
hydrogen  forms  ammonia,  a  volatile  substance,  which  possesses  all  the 
properties  of  an  alkali.  The  sulphate  and  muriate  of  ammonia  are 
exhaled  from  volcanoes.  Nitrogen,  in  the  state  of  nitric  acid,  enters 
into  the  composition  of  nitrate  of  potash,  which  is  an  abundant  produc- 
tion of  the  earth  in  various  parts  of  France,  Germany,  Italy,  Spain, 
Hungary,  Persia,  India,  and  America. 

Chlorine. 
Chlorine  is  a  yellowish-green  vapour,  of  an  astringent  taste,  and  dis- 
agreeable odour.  It  is  perfectly  irrespirable,  exciting  spasms  and  irrita- 
tion of  the  throat,  even  when  much  diluted  with  atmospheric  air.  It 
may  be  condensed  by  cold  and  pressure  into  a  yellow  liquid.  It  has  a 
violent  action  on  some  of  the  metals,  which,  when  introduced,  in  the 
state  of  powder,  or  in  fine  leaves,  into  chlorine,  are  inflamed  and  enter 
into  combination  with  it.  It  is  known  in  the  mineral  kingdom  as  one 
of  the  constituents  of  chloride  of  sodium,  or  rock-salt.  We  have  likewise 
ores  of  lead,  mercury,  and  silver,  Avhich  are  chlorides  of  those  metals ; 
but  it  never  occurs  uncombined.  With  hydrogen  it  forms  muriatic  acid, 
which  is  one  of  the  components  of  the  salts  called  muriates.  Muriate  of 
soda,  which  by  evaporation  is  converted  into  chloride  of  sodium,  is  the 
principal  ingredient  in  sea  Avater,  which  likeAvise  contains  muriate  of 
magnesia.  These  two  salts  are  also  found  in  many  saline  springs. 
Muriate  of  ammonia  has  already  been  spoken  of  as  a  volcanic  product. 
Chlorine  is  a  negative  electric ;  its  combining  proportion  is  36.  Its 
name  is  derived  from  its  greenish  colour  (;)^X&)po9). 

Fluorine. 
The  substance  to  which  this  name  has  been  given  has  never  been  ob- 
tained in  an  insulated  form ;  and  there  is  a  difference  of  opinion  among 
chemists,  whether  Derbyshire  spar  should  be  considered  as  a  compound 
of  calcium  and  fluorine,  or  of  oxide  of  calcium  and  an  acid  of  which 
fluorine  is  one  of  the  elements.  To  this  acid  the  name  of  fluoric  was 
given,  and  it  was  supposed  to  consist  of  fluorine  and  oxygen,  but  the 
experiment  of  Sir  Humphry  Davy,  since  repeated  by  other  chemists, 
affords  strong  presumption  that  fluor  spar  is  a  direct  combination  of 
fluorine  and  calcium,  and  that  the  acid  produced  when  these  two  ele- 


MATERIALS  OF  WHICH  ROCKS  ARE  COMPOSED.  447 

ments  are  separated  by  means  of  aqueous  sulphuric  acid,  consists  of 
fluorine  united  to  hydrogen,  derived  from  the  Avater  of  the  sulphuric 
acid.  It  has  therefore  received  the  name  of  hydrofluoric  acid.  It  pos- 
sesses the  property  of  dissolving  silica,  and  consequently  of  coiToding 
glass.  Fluor  spar  is  an  abundant  mineral  production.  The  hydro-' 
fluoric  acid  is  also  found  in  the  cryolite,  and  a  few  other  rare  minerals. 
Fluorine  is  a  negative  electric.     Its  combining  proportion  is  18. 


REPORT  OF  MAGNETICAL  EXPERIMENTS, 

TRIED  ON  BOARD  AN  IRON  STEAM  VESSEL,  BY  ORDER  OP  THE  RIGHT  HONOUR- 
ABLE THE  LORDS  COMMISSIONERS  OF  THE  ADMIRALTY.  BY  EDWARD  J. 
JOHNSON,  ESQ.,  COMMANDER,  R.N.,  F.R.S. 

The  very  extensive  use  of  iron  in  the  construction  of  modern  vessels, 
and  still  more  recently,  the  formation  of  steam  vessels  entii-ely  of  that 
material,  has  rendered  the  compass,  notwithstanding  its  successive 
improvements,  little  more  than  a  piece  of  useless  lumber :  or,  more  pro- 
perly speaking,  it  is  become  unworthy  of  confidence,  and,  consequently, 
where  it  is  trusted,  a  deceptive  and  frivolous  apparatus.  Indeed,  the 
compass  in  its  rudest  form,  even  the  Chinese,  or  the  early  European, 
with  ships  built  as  ships  were  then  built,  was  worthy  of  far  greater  confi- 
dence than  the  most  improved  compass  is  on  board  a  vessel  of  modem 
construction.  There  is  no  doubt,  indeed,  that  were  the  weather  ahvays 
clear,  the  compass  might  be  advantageously  dispensed  with  in  maritime 
affairs;  but,  as  during  not  only  days  but  weeks  of  the  most  tempestuous 
weather,  when  not  a  single  lunar  can  be  taken,  nor  any  kind  of  complete 
observation  made,  the  vessel  is  driving  about  amongst  known  or  unknown 
dangers,  it  cannot  but  be  viewed  as  a  most  perilous  condition,  when  the 
direction  itself  upon  which  she  is  sailing,  is  a  matter  of  almost  total 
uncertainty.  If,  indeed,  she  be  out  at  sea,  and  far  from  land,  she  is  safe, 
provided  her  sti-ength  be  sufiicient  to  ride  out  the  storm  :  but  every  year, 
we  are  well  assured  that  numerous  cases  of  the  heart-rending  scenes  of 
wreck  and  desolation  would  be  escaped,  had  they  the  power  to  ascertain 
the  course  upon  which  they  were  bearing.  This,  however,  is  utterly 
impossible  as  ships  are  now  built,  by  the  use  of  the  compass  simply. 

Mr.  Barlow's  correcting-plate  is,  on  this  account,  one  of  the  greatest 
boons  conferred  on  modern  navigation.  This  tei7n,  as  most  of  our  readers 
are  aware,  is  something  of  a  misnomer ;  since  the  plate,  instead  of  cor- 
recting the  error  produced  by  the  iron  of  the  ship,  doubles  it :  but  we 
would  not  quarrel  with  names — as  it  is  with  things  we  have  to  deal.  It 
enables  us,  by  a  very  simple  numerical  process,  to  ascertain  approximately 
the  effect  of  the  iron  of  the  ship  upon  the  direction  of  the  needle,  and  to 
make  allowance  for  it  in  our  reckoning. 

It  is  strange,  however,  to  witness  the  apathy  with  which  the  reck- 
less seaman,  in  time  of  security,  looks  upon  the  possible  danger  of  a 
future,  and  not  remote,  period.  A  single  hour  in  port  would  enable  the 
master  to  find  the  effect  of  his  iron  with  considerable  precision :  and  yet 
this  single  hour  he  thinks  it  too  much  to  give  to  his  own  and  his  crew's 
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future   safety.       Strange    infatuation ! — but    infatuation  almost   always 
follows  close  upon  the  heels  of  familiarity  with  danger. 

We  do  not  require  to  be  told  that  Barlow's  plate  is  not  perfect. 
This  we  are  as  fully  aware  of  as  any  one :  and  we  do  not  urge  implicit 
reliance  upon  it,  in  any  sense  of  the  word,  under  all  possible  circum- 
stances. Still,  if  it  enable  us  under  all  conditions  to  ascertain  the  amount 
of  the  effect  of  iron  approximately,  and  often  within  very  narrow  limits, 
surely  we  must  be  determined  upon  rushing  into  danger,  if  we  do  not  avail 
ourselves  of  it  to  the  degree  in  Avhich  it  can  assist  us.  We  are  utterly 
opposed  to  the  use  of  the  compass  at  all,  in  those  cases  where  it  can  be 
dispensed  with :  but  as  cases  so  perpetually  occur  where  it  is  our  oiili/ 
guide,  and  those  cases  precisely  those  of  the  greatest  dangei-,  it  is  surely 
worthy  of  the  most  serious  attention,  from  every  practical  navigator,  as 
Avell  as  from  men  of  science*. 

At  the  period  when  Mr.  Barlow  proposed  his  plan  of  the  correcting- 
jjlate,  he  had  in  especial  view  the  effect  of  the  immense  masses  of  iron 
which  the  guns  on  board  men  of  war  contained.  Of  course,  cceleris  parihu.i, 
the  same  circumstances  would  occur  on  board  the  smaller  vessels  in  the 
merchant  service,  and  require  correction  accordingly.  The  recent  intro- 
duction of  iron  steamers  has,  however,  given  a  new  and  important  interest 
to  this  contrivance.  These  are  chiefly  designed  for  passengers,  and,  in 
some  cases,  more  than  five  hundred  are  crowded  on  board  a  single 
steamer.  We  do  not  indeed,  just  now,  know  to  what  extent  the  iron 
steamers  have  been  introduced :  but  as  they  have  many  advantages,  in 
respect  to  security  and  convenience,  over  those  of  wood,  they  will  most 
likely  supersede  them  entirely,  jjrovided  they  can  he  rendered  as  safe  for 
the  purposes  of  navigation  by  the  compass, — circumstances  giving  rise 
which  must  inevitably  occur  in  all  voyages  of  any  considerable  extent. 
The  inquiry  into  this  possibility,  it  was  the  main  object  of  Captain 
Johnson's  experiments  to  satisfactorily  answer ;  and  we  proceed  to  give 
a  brief  analysis  of  them. 

The  Dublin  Steam  Navigation  Company  placed  at  the  disposal  of 
the  Lords  Commissioners  of  the  Admiralty  a  fine  new  vessel,  built  en 
tirely  of  iron,  the  Garryowen,  for  the  purpose  of  investigating  the  effect  of 
the  vessel  upon  the  indications  of  the  compass,  in  any  way  that  their 
Lordships  may  think  properf.  They  appointed  Captain  Johnson  to  make 
the  requisite  experiments ;  and  he  repaired  in  her  to  the  port  of  Limerick, 


*  In  an  early  number  we  shall  give  a 
thorough  examination  of  the  principles  of 
Barlow's  correcting-plate  ;  and  endeavour 
to  show  the  degree  of  theoretical  evidence, 
combined  with  experiment,  this  method 
has  for  its  fovmdation. 

-)-  Weight  of  Iron. 
Total  weight  of  iron,  including  hull,  ma- 
chinery, anchors,  cables  &c.      180  tons. 
Weight  of  iron  in  hull     ...     95     „ 
Do.     .     engines     ....     40     „ 
Do.     .     shafts  and  wheels  .      12     „ 
Do.     .     boilers      ....     30     „ 
Do.     .     chimney  ....        1    10 
Do.     .     anchors  and  cables         1    10 
Stem,  14  feet  long  X  4  feet  wide. 
Beam,  4  in.  deep,  4  in  wide,  bound 
with  iron  plate?. 


All  iron  used  in  hull  and  boilers  is 

malleable. 

Dimensions  of  Vessel,  &c. 
Length  on  deck,  130  feet;  beam  21ft.  6 in. 

Do.  keel,   122  3    ;  depth  1 1  ft.  0  in. 

38  double  frames  a-midships,  of  angle  iron 

2  in.  wide  X  3  deep  x   \  in 
1 7  single  frames  forward,  of      3X3X1 
22       do.     .     .     aft,     .     .     .3X3  X  i% 
Diameter  of  chimney     ...   3  feet. 
Height  of  ditto     ....      28 
Draught  of  water,  forward  5  ft.  3  in.  aft5ff. 

Two  Engines =85  horse  power. 

Diameter  of  cylinder  .  .  3  ft.  0  in. 
Diameter  of  wheel  .  .  .  15  ft.  6  in. 
Engine  makes  27  strokes  per  minute. 
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in  the  autumn  of  last  year,  to  cany  them  into  execution.  The  results 
have  been  printed  for  the  Royal  Society's  Transactions  ;  but  they  are  not 
yet  published.  We  avail  ourselves,  however,  of  a  copy  of  the  Memorial, 
with  which  we  have  been  favoured,  to  lay  before  our  readers  a  succinct 
account  of  them,  and  a  few  reflections  on  the  results  they  bring  to  light. 

There  being  no  wet  dock  in  the  port  of  Limerick  in  which  the 
Garnjowen  could  be  conveniently  swung  round,  to  make  the  observations 
in  different  azimuths,  point  by  point,  he  fixed  upon  a  position  in  Tarbert 
Bay,  well  adapted  to  his  purpose.  His  operations  were  commenced  on 
the  19th  of  October,  and  continued,  as  circumstances  permitted,  till  the 
18th  of  November. 

In  order,  however,  to  show  the  positions  in  the  vessel  at  which  the 
several  observations  were  made,  the  following  diagram  is  given.  The 
line  Y  z  is  the  keel,  y  being  the  stern,  and  z  the  stem ;  v  is  the  place  of 
the  chimney,  and  w  the  axle  of  the  paddle-wheel.  The  positions  of  the 
other  points  will  be  easily  judged  of,  from  the  accompanying  scale  and 
table :  and  these  designate  the  positions  of  the  compasses  named  by  the 
several  letters  themselves. 


D 


%_ 


/i>  -    Sir 


A  Quarter  deck,  5  feet  9  inches  above  the  deck. 

B  Forecastle,  5  feet  1 1  inches  above  the  deck. 

C  Bowsprit,  on  glass-legs. 

D  On  the  fore-part  of  the  temporary  poop,  above  deck  8  feet  o|  inches. 

E  On  the  after-part  of  the  temporary  poop,  8  feet  5  inches  from  the  deck. 

F  On  a  stage  level  with  the  taffrail. 

G  On  a  plank  4  feet  below  the  main-gaff  end,  and  above  deck,  20  feet  5  inches. 

I  On  the  centre  of  the  temporary  poop,  above  deck  13  feet  4^  inches. 

L  On  the  poop  projecting  over  the  stem. 

M  M  M     Three  stations  on  the  stage  over  the  stern,  level  with  the  taffrail. 

O  Between  the  paddle-boxes. 

P  Two-thirds  up  the  fore-topmast,  above  the  deck  40  feet  2  inches. 

Q,  (On  glass  legs)  in  the  fore-hold. 

S  In  the  iron  sphere  a-midships,  above  deck  7  feet. 

T  In  the  cabin. 

All  made  in  the  middle  of  the  vessel,  9  feet  1 1  inches  from  each  side. 

After  the  preliminary  operations  of  fixing  stations,  &c.  were  gone 
through,  Captain  Johnson  saw  it  to  be  necessary  to  put  all  the  iron 
which  the  vessel  carried,  in  the  places  which  it  usually  occupied  during 
the  voyage,  such  as  the  anchors,  cables,  &c.  He  then  tried  the  effect  of 
the  whole  in  that  direction  of  the  vessel  where,  in  the  generality  of  cases, 
the  deviation  had  been  found  to  be  a  maximum,  so  as  in  some  degree  to 
guide  him  in  the  selection  of  a  place  for  the  principal  observations, —  or 
that,  which  his  orders  especially  directed,  in  which  to  place  a  steering 
compass,  and  where  the  effect  of  the  plate  may  be  successfully  tried. 
Vol.  II.  2  G  12 
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With  tliis  view,  tlie  vessel's  head  was  warped  to  the  true  magnetic 
east,  and  the  deviations  at  several  parts  of  her  ascertained: 

At  B,  the  deviation  of  the  marked  end  of  the  needle  =:  16°  E. 

Near  the  centre,  and  before  the  funnel,  it  was     .        =  26°  20'  E. 

At  A,  when  the  boats'  davits  were  out  .  .        =  11°  40'  E. 

were  in  board  .        =     6°  20'  e. 

The  preceding  facts,  showing  the  influence  of  iron  in  the  vicinity  of 
the  compass,  may  be  worthy  of  the  attention  of  the  practical  navigator : 
for  they  show,  at  a  p'osition  not  far  from  the  binnacle,  a  difference  of 
deviation  of  no  less  than  5°  20'  under  the  mere  circumstance  of  swinging 
the  quarter  boats'  davits  in  board,  from  their  usual  position  where  boats 
are  hoisted  up,  to  that  place  in  which  they  would  be  secured  in  stormy 
weather  at  sea. 

Though  the  principal  object  of  these  experiments  was  to  determine 
the  best  position  for  a  steering  compass  on  board  the  iron  steamer  (which 
induced  him  to  select  a  and  B  as  especial  places  of  observation),  Captain 
Johnson  tried  the  effect  of  the  vessel  at  all  the  places  in  the  table  given 
above.  We  need  not  follow  him  through  all  the  details  of  the  precau- 
tions which  he  used  for  insuring  the  elimination  of  all  foreign  influences 
of  an  accidental  kind,  nor  of  those  for  securing  good  observations.  A 
brief  statement  of  the  positions  is,  however,  necessary. 

A  fixed  station  x*  Avas  selected  on  the  south-west  side  of  Tarbert 
Bay,  a  mile  distant  from  the  vessel,  from  which  the  cone  of  the  moun- 
tain DIcomede,  in  the  county  of  Clare,  distant  about  nineteen  miles, 
was  distinctly  visible.  The  bearing  of  it  was  determined  by  the  compass 
which  was  afterAvards  used  at  station  a  on  board  the  vessel ;  the  magnetic 
meridian  was  also  then  determined  by  this  compass,  and  a  distant  object 
in  that  meridian,  on  land,  Avas  noted.  The  theodolite,  in  the  succeeding 
observations,  Avas  placed  at  x  in  the  same  position  as  the  compass,  thereby 
rendering  the  simultaneous  observations  at  a  and  x  virtually  identical 
with  those  Avhich  Avould  have  been  determined  by  one  compass  only. 
The  vessel  was  then  taut  moored  in  the  line  betAveen  the  station  x  and 
the  cone  of  the  mountain, — in  the  line  of  direction  of  Avhich,  AVas  also  a 
remarkable  heap  of  stones  on  Kilkerran  Point, — so  that  the  vertical  wire  of 
the  theodolite  at  x  bisected  these  objects  and  the  instrument  on  the 
forecastle  of  the  vessel. 

The  bearings  of  the  cone  of  the  mountain  from  the  positions  a  and 
B  as  Avell  as  the  simultaneous  bearings  betAveen  a  and  x,  Avere  observed 
Avhen  the  vessel's  head  Avas  at  each  point,  and  from  these  bearings  betAveen 
A  and  X  the  deviation  of  the  compass  produced  by  local  attraction  was 
deduced.  Of  course  we  cannot  give  the  tables  entire,  and  we  mention 
the  circumstances  under  which  the  observations  Avere  made,  to  show  that 
every  requisite  care  Avas  used  to  ensure  correct  results.  We  are,  hoAV- 
ever,  still  under  the  necessity  of  giving  one,  referring  our  readers  to  the 
paper  itself  for  the  others.  This  contains  the  simultaneous  observations 
made  Avitli  nine  compasses  in  different  parts  of  the  vessel,  the  bell  being 
struck  as  a  signal  for  observation.     See  opposite  page. 

In  looking  at  this  table,  it  is  impossible  not  to  be  struck  Avith  the 

*  No  figure  is  given  to  these  descriptions  ;  nor  is  any  necessary,  as  the  reader  can 
easily  sketcli  it  from  the  verbal  statement. 
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iniraecliate  effect  of  the  iron  composing  tlie  vessel  and  her  works,  upon 
tlie  indications  of  the  needle,  as  the  ship's  head  is  turned  into  different 
azimuths,  being  in  some  cases  even  more  than  five  points.  It  is  also 
evident,  that  in  different  vessels  this  will  very  materially  vary,  and  that 
little  assistance  can  be  derived  from  experiments  made  in  one  vessel 
towards  guiding  us  in  judging  of  the  influence  of  the  iron  in  another 
of  a  different,  or  even  of  a  similar  construction, — so  far  as  form  and 
disposition  of  metal  are  concerned  in  rendering  them  similar.  To  this, 
however,  Ave  shall  speak  presently.  It  is  true  that  at  g,  c,  p,  the  influence 
is  much  less  than  at  any  of  the  other  positions  where  the  observations 
were  made;  but  as  these  are  positions  at  which,  in  actual  navigation,  the 
observations  could  not  be  conveniently  made,  there  can  be  no  inference  in 
favour  of  the  employment  of  iron  steamers  deduced  from  these, — however 
interesting  they  may  be  in  reference  to  some  questions  -concerning  the 
extent  of  tlie  influence  of  iron  on  the  magnet,  and  upon  the  law  of  its 
decrease  of  force  as  the  distance  is  increased. 

The  result  of  these  observations,  as  well  as  his  first  already  men- 
tioned, Avas  conclusive  to  Captain  Johnson's  mind,  that  for  the  purposes 
of  navigation,  his  observations  should  be  chiefly  confined  to  the  positions 
A  and  B.  Of  two  series  of  such  observations,  the  discrepancies  are 
unaccountably  gi-eat,  and  especially  so,  seeing  that  every  possible  pre- 
caution Avas  taken  to  secure  a  sameness  of  circumstances  under  Avhich 
to  make  the  observations.  Captain  Johnson  Avas  not,  however,  so  much 
surprised  at  this  circumstance  as  Ave  should  have  expected ;  as  he  had 
remarked  that  the  "embarrassment  in  the  movement  of  the  needles"  after 
the  first  series  in  some  degree  prepared  him  to  expect  it, — or,  in  other 
Avords,  that  the  difference  in  the  magnetic  state  of  the  needles  themselves, 
induced  by  the  first  series,  Avas  so  great,  that  their  indications  AA'ould  be 
materially  altered  in  the  second.  This  Ave  can  easily,  to  a  certain  degree, 
but  not  to  the  amount  Avhich  these  experiments  indicate,  conceive ;  the 
directive  force  of  the  needle  may  be  increased  or  diminished  by  induc- 
tion Ave  admit,  and  then  the  poAA'cr  of  tlie  iron  remaining  the  same,  its 
influence  Avould  be  accordingly  less  or  greater  upon  the  position  of  the 
needle  Avhen  out  of  the  magnetic  meridian :  but  still  that  pure  iron 
should  induce  so  much  permanent  chajige  in  the  magnetic  state  of  the 
hard  steel  of  the  needle  is  to  us  inconceivable.  All  experiments  go  to 
prove  the  reverse  of  this.  Captain  Johnson's  subsequent  experiments 
prove  the  reverse  of  this,  too;  for  they  actually  shoAv  that  the  vessel  herself 
yvas  a  perma7ient  ?nagnet,  and  not  a  magnet  by  induction,  as  cast-iron  is 
generally  found  to  be.  Noav  the  needle  itself  could  produce  no  sensible 
effect  upon  the  state  of  the  larger  magnet;  and  hence  her  poAver  upon 
the  needle  would  be  sensibly  the  same  in  both  series  of  experiments, 
whilst  that  of  the  needle  to  resist  her  influence  may  be  varied  in  a 
great  degree.  Captain  Johnson  is  led  to  attribute  the  different  effects 
(in  another  series  of  experiments  AA'hich  he  afterAvards  made  with  the  same 
needles)  of  the  head  and  stern  of  the  vessel  to  the  needles  placed  upon  quay, 
to  the  different  disposition  of  the  quantity  of  iron  in  those  two  parts 
of  her;  but  at  the  distances  at  Avhich  he  observed  these  deflections,  Ave 
cannot  account  for  it  on  these  principles,  especially  keeping  in  view  the 
very  minute  influence  recorded  to  have  been  exercised  upon  the  needles 
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at  G,  c,  and  p,  in  his  former  experiments,  in  the  table  which  wc  have 
copied  above. 

The  intensity  of  the  magnetic  force  in  the  needle  Avas  greatly 
altered  by  the  iron  of  the  vessel ;  the  dip  was  also  very  greatly  altered. 
All  this,  of  course,  we  should  expect;  but  we  wish  the  inte?isiti/  of  the 
needles  had  been  observed  on  shore  both  before  and  after  the  experi- 
ments were  made  on  board ;  and  as  nearly  as  possible  under  the  same 
circumstances.  This,  we  consider  an  unfortunate  omission ;  but  we  do 
not  blame  Captain  Johnson  for  it.  The  time  of  the  year  was  unfavour- 
able, affording  so  few  days  fitted  for  observation,  and  the  period  allotted 
to  the  whole  series  was  much  too  short  under  such  unfavourable  cir- 
cumstances. If  we  are  not  mistaken,  other  observations,  too,  were  made 
which  are  not  here  published;  and,  possibly,  when  they  are  made  public, 
they  may  throw  some  further  light  upon  the  phenomena.  HoAvever,  in 
this  respect,  we  are  not  able  really  to  say  AA'hat  those  observations  Avere,  nor 
whether  they  at  all  bear  upon  this  question.  If  they  do,  it  was  a 
mistake  to  Avithhold  them  from   the  scientific   public  on  the  present 


The  tAvo  folloAAung  diagrams  exhibit  visually  the  several  circumstances 
of  these  experiments ;  and  require  scarcely  any  description. 


Diagram  I. 
Representing  the  deviation  of    several   com- 
passes, wlien  placed  in  different  parts  of  the 
vessel,  when  her  head  was  in  the  true  magnetic 
direction  of  the  cardinal  points  of  the  compass. 

True  Maynclic  NiirHt. 
k 


Magnetic  Sfuffi. 


Diagram  II. 
Representing  the  comparative  dip  of 
the  magnetic  needle,  on  Tarbert  Is- 
land, and  that  observed  at  three  posi- 
tions on  board  the  Garryowen,  in 
Tarbert  Bay,  when  the  vessel's  head 
was  to  the  true  magnetic  north  and 
south. 


Dip  on  shore. 
A,  I.    Dip  observed  at  those  positions 

with  the  vessel's  head  to  the  north. 
«,  i,  b.    Dip  with  vessel's  head  to  the 

south. 
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When  we  consider  the  great  number  of  parts  of  Avhich  a  vessel  is 
composed,  and  the  processes  by  which  those  parts  are  formed,  we  can 
hardly  be  justified  in  considering  the  vessel  as  other  than  an  immense 
magazine  of  permanent  magnets  fastened  together.  Were  they  all,  indeed, 
so  placed  in  building  her,  that  their  axis  may  be  parallel,  we  may  be 
better  able  to  form  some  general  idea  of  the  magnetic  resultant,  (so  to 
speak,)  and  to  guess  at  the  intensity  and  directive  force  exerted  by  the 
whole  system ;  but,  even  then,  the  difficulties,  in  the  present  state  of 
magnetic  knowledge,  Avould  be  absolutely  insurmountable.  When,  how- 
ever, we  consider  the  effect  of  a  single  and  slight  stroke  Avith  a  hammer 
upon  a  permanent  magnetic  bar — the  total  disregard  paid  in  building 
the  vessel  as  to  the  magnetic  state  of  her  materials — the  utter  impossi- 
bility of  ascertaining  it  after  they  are  put  together,  or  to  alter  it, 
definitely,  in  any  one  of  the  pieces — when  we  consider  that  malleable 
iron  can  alone  be  employed,  and  that  all  these  difficulties  stand  in  the 
way  of  even  placing  the  component  parts  of  the  compound  magnet 
parallel  to  one  another,  we  say,  we  are  compelled  to  affirm,  that  the 
real  magnetic  state  of  an  iron  ship  is  incapable  of  being  ascertained  by 
any  series  of  experiments  whatever.  Captain  Johnson's  experiments 
verify,  but  do  not  in  our  minds  strengthen,  our  convictions  on  this  head. 
They  were  formed,  a  priori,  and  from  the  view  which,  in  common  with 
all  scientific  men,  we  had  before  taken  of  the  necessary  consequences 
of  tlie  most  familiar  phenomena,  as  well  as  of  the  diversified  experiments 
of  a  more  refined  class  carried  on  by  the  most  eminent  philosophers  for 
many  years.  Instead,  therefore,  of  considering  the  steamer  as  a  single 
permanent  magnet,  Ave  ought  to  consider  her  as  a  vast  apparatus  of 
united  magnets,  distributed  perfectly  at  random;  and. their  relative 
positions  and  intensities  altogether  incapable  of  estimation.  Are  Ave 
not  justified,  then,  in  saying  as  we  have  said  above,  that  Ave  are  incapable 
of  judging  from  a  series  of  experiments  made  on  board  one  vessel,  Avhat 
the  effi;ct  of  one  (so  far  as  general  form  and  disposition  of  material  are 
concerned)  similarly  built  in  all  respects  may  be  ?     Surely,  Ave  are. 

Let  us,  however,  even  AA^aive  this  objection.  Have  aa^c  not  seen  that 
on  board  the  same  vessel,  on  tAvo  difi"erent  days  not  very  remote  from  each 
other,  the  deviation  of  the  same  needles  Avas  very  different  Avhen  all  cir- 
cumstances Avere  alike,  except  that  the  magnetic  states  of  the  needles 
AA^ere  themselves  changed  by  the  first  series  of  observations  ?  We  do  not, 
indeed  knoAV  Avhere  the  needles  Avere  placed  during  the  intermediate 
period, — whether  ashore  or  on  board.  If  on  shore,  the  influence  of  the 
short  period  during  Avhicli  the  first  observation  Avas  made,  is  only  indica- 
tive of  the  intense  action  of  the  compound  magnet,  Avhich  could,  in  so 
short  a  time,  produce  such  a  permanent  change  in  the  needles  :  if  on 
board,  they  Avere  probably  kept  in  the  positions  of  observation,  and  if  so, 
it  proves  Iioav  dangerous  it  is  to  trust  to  the  sarne  compass,  from  one  day 
to  another.  The  compass  Avith  Avhich  aa'c  leave  port  is  a  different  com- 
pass after  a  single  hour's  voyage  ;  and  after  three  or  four  days,  has  been 
"  deteriorated  "  to  such  a  degree  as  to  be  unworthy  of  the  slightest  con- 
fidence. 

When  Ave  look  at  the  matter  in  this  light,  Ave  need  not  inform  our 
readers,  that  we  look  also  upon  all  attempts  at  the  correction  of  the  local 
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attraction,  by  means  of  Barlow's  plate,  as  utterly  useless  on  board  an  iron 
steamer.  Upon  this  subject,  hoM^ever,  as  we  said  before,  we  intend  to 
speak  more  fully  in  a  future  number :  it  is  sufficient  to  say  here,  that 
Captain  Johnson  appears  to  have  made  but  few  experiments  with  it,  owing 
to  the  "  unfavourable  state  of  the  Aveather."  It  is  very  true  that  unfa- 
vourable weather  is  disadvantageous  for  good  experiments  for  mathema- 
tical investigations  of  the  laws  which  reign  through  physical  phenomena  ; 
but  we  do  really  think,  that,  fromthe  circumstance  of  the  knowledge  itself 
being  only  required  in  bad  weather,  the  present  was  an  advantageous 
opportunity  thrown  away ;  inasmuch  as  the  amount  of  discrepancy  to  be 
expected  in  times  when  the  compass  is  our  only  trust,  is,  in  a  practical 
point  of  view,  infinitely  more  important  than  a  knowledge,  however  accu- 
rate, of  the  laws  which  prevail  when  the  compass  is  never  recurred  to 
by  a  properly  educated  sailor.  It  is  surely  of  greater  consequence  to 
know  how  far  we  may  safely  trust  our  instruments,  at  the  time  when 
they  are  our  only  trust,  than  to  ascertain  their  laAvs  in  a  state  of  compa- 
rative repose,  and  when  they  are  altogether  unnecessary  to  our  safety. 

Finally,  we  feel  it  our  bounden  duty  to  our  readers  and  to  the  public, 
to  express  emphatically,  our  conviction  of  the  extreme  danger  of  this  class 
of  vessels,  for  the  purposes  of  navigation  by  means  of  the  compass, — or,  in 
other  words,  for  venturing  out  of  the  mouth  of  a  river.  It  is  neither  our 
wish,  nor  our  interest,  to  discourage  the  progress  of  the  arts  and  manu- 
factures of  our  country ;  but  it  is  both  our  duty  as  scientific  journalists, 
and  our  spontaneous  feeling  as  men,  to  warn  our  countrymen  against  the 
dangers  to  which  they  may  expose  themselves,  by  stretching  beyond  its 
due  limits,  the  application  of  any  product  of  our  manufacturing  ingenuity. 
We  are  fully  aware  of  the  advantages  .which  belong  to  the  use  of  iron,  in 
the  construction  of  iron  steamers;  but  we  also  Avish  our  readers  to  be  fully 
impressed  with  a  sense  of  their  recklessness  in  daring  all  its  dangers.  We 
should  nor  fulfil  our  duties  towards  them,  did  we  not  distinctly  tell  them, 
that  the  iron  vessel  is  in  precisely  the  same  condition  with  respect  to  the 
compass,  as  if  no  compass  had  ever  existed, — or,  in  some  respects,  even  a 
worse  condition, — since  they  may  be  led  to  trust  to  a  guide  that  cannot 
guide  them  aright,  and  neglect  those  slight  glimpses  of  indication  w^hich 
may  in  some  small  degree  assist  them.  Such,  at  least,  is  our  view  of 
the  matter ;  and  if  we  are  wrong,  we  hope  we  need  not  say,  that  we 
shall  be  extremely  glad  to  be  enlightened  on  the  subject,  by  those  who 
see  better  than  we  can. 

AYe  do  not  think  it  necessary  to  give  here  Captain  Johnson's  deter- 
mination of  the  best  position  for  a  sailing  compass  on  board  the  Garryowen, 
as,  even  abating  all  other  objections  to  the  use  of  this  kind  of  vessel,  we 
have  given  good  reasons  why  it  could  not  be  depended  on  for  any  other 
vessel  similarly  built, — much  less  for  one  in  which  a  different  disposition 
of  materials  may  be  adopted.  On  the  care  bestowed  upon  the  experi- 
ments, as  well  as  on  the  evident  honesty  of  their  record,  Ave  cannot  speak 
too  highly ;  and  we  are  glad  to  find  such  men  are  found  by  the  Admiralty, 
to  be  entrusted  Avith  this  class  of  expeditions.  We  cannot,  hoAvever,  in 
respect  to  its  scientific  value,  but  regret  that  a  more  complete  apparatus 
was  not  furnished  to  him,  and  that  a  more  suitable  period,  both  as  to 
date  and  extent,  Avas  not  selected  for  the  purpose. 
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No.  VII. 

The  Elliptical  Form  op  the  Eauth's  Okbit. — Kiu^leh's  Laws. 

The  earth  revolves  continually  upon  an  axis  Avitliin  itself,  and  con- 
tinually in  an  orbit  about  the  sun.  Hence  result  the  alternations  of  day 
and  night,  the  difference  of  the  duration  of  the  solar  from  that  of  the 
sidereal  day,  and  the  different  times  of  the  rising -of  the  same  fixed  stars, — 
of  which  phenomena  the  two  last  constitute  an  apparent  annual  revolu- 
tion of  the  sun  in  the  heavens,  inasmuch  as  they  would  result  from  such 
a  revolution.  The  axis  about  which  the  rotatory  motion  of  the  earth 
takes  place  remains  always  parallel  to  the  same  line  in  space  ;  and 
hence  result  the  phenomena  of  the  seasons.  But  all  these  phenomena  will 
be  equally  well  accounted  for  by  a  revolution  of  the  earth  round  the  sun, 
in  whatever  orbit  that  revolution  may  take  place, — and  no  inquiry  on 
which  we  have  hitherto  entered  indicates  with  an}'  certainty,  what  is  the 
real  form  of  the  earth's  orbit.  Provided  the  eartli  go  completely  round 
the  sun  in  the  space  of  a  year,  it  matters  not,  so  far  as  the  facts  which 
have  hitherto  been  stated  arc  concerned,  whether  the  motion  of  its 
centre  be  in  a  circle,  in  an  ellipse,  or  in  a  spiral, — or,  in  fact,  Avhether  it 
be  in  a  square  or  an  oblong. 

We  are  now  about  to  indicate  the  means  by  which  the  real  form  of 
the  earth's  orbit  is  ascertained,  the  -nature  and  law  of  its  motion  in  that 
orbit,  and  the  actual  dimensions  of  the  orbit.  It  will  then  be  explained 
how  the  apparent  motion  of  the  sun,  the  duration  of  the  seasons,  and 
the  length  of  tlie  year,  are  modified  by  these  facts. 

First,  then,  as  to  the  form  of  the  earth's  orbit.  It  is  not  a  circle,  for 
then  the  sun  would  at  all  times  of  the  year  appear  of  the  same  size  to 
us.  We  judge  of  the  dimensions  of  objects  by  the  angles  which  lines, 
drawn  from  the  extremities  of  them,  subtend  at  the  eye.  The  con- 
clusions v.e  thus  draw,  we  modify,  however,  by  that  which  Ave  know  of 
the  distance  of  the  ol)jects.  Thus  two  objects,  ab  and  CD,  may  sub- 
tend the  same  angle,  ced. 


Rays  of  light  come  to  us  in  straight  lines.  If,  therefore,  an  instru- 
ment having  two  arms,  Avhich  can  be  made  to  include  any  given 
angle  between  them,  be  placed  so  that  one  of  these  arms  is  in  the 
direction  of  a  ray  coming  from  one  point  of  the  edge  of  the  sun's  disk, 
and  the  other  in  the  direction  of  a  ray  coming  from  a  point  on  the  edge 
diametrically  opposite  to  this,  then  these  two  arms  of  the  instrument  will 
include  between  them  precisely  the  same  angle  Avhich  t\^  o  lines  drawn 
from  opposite  points  of  the  sun,  or  opposite  extremities  of  one  of  its 
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diameters,  include.  Two  such  lines,  a  b  and  a  c,  will  form,  together 
with  the  sun's  diameter  B  c,  a  triangle,  of  which  the  angle  measured  hy 
the  instrument  Avill  be  the  vertical  angle  n  A  c,  and  the  sun's  diameter  the 
base.  Now  the  sun's  actual  diameter,  the  base  of  this  triangle,  must  be 
supposed  to  remain  always  the  same ;  and  if  the  earth  moved  in  a  circle 
of  which  the  sun  was  the  centre,  the  two  sides  A  B  and  A  c  of  the  tri- 
angle would  always  remain  the  same  Avhenever  the  observation  was 
made,  and  therefore  the  vertical  angle  bag  would  always  remain  the 
same ;  that  is,  the  sun's  apparent  diameter,  as  measured  by  the  instru- 
ment which  has  been  described,  would  always  remain  the  same.  Now 
it  does  not ; — the  earth's  motion  is,  therefore,  not  in  a  circle  whose  centre 
is  the  sun. 

The  sun's  apparent  diameter  on  the  31st  of  December  1828 
32'  3.5-6",  or  32-5933" ;  and  on  the  2nd 
of  July  1829  it  Avas  31'  31",  or  31-5167't. 
Now  let  A  and  a  represent  the  positions 
of  the  eye  of  the  observer  on  those  two 
days.  It  then  follows,^  by  the  rules  of 
trigonometry,  that  since  B  A  c  and  sac  are 
very  small,  b  c  maj^  be  considered  as  the 
arc  of  a  circle,  and  that 

Z  B  a 
31-5167 
315167 

1000 


B    A 


or,  B  A  :  B  a 


!  :  B  A  c 

32-5933; 

325933 
1034. 

Tlius,  if  we  suppose  the  whole  distance  to  the  sun  on  the  31st  of  December 
to  have  been  divided  into  1000  equal  parts,  on  the  2nd  of  July  its 
distance  will  have  been  increased  by  34  of  those  parts.  Now,  between 
these  two  periods,  it  will  be  found  that  the  sun  has  apparently  moved 
through  about  180  degrees  of  the  heavens  ;  or,  in  other  words,  that  the 
earth  has  described  180  degrees  about  the  sun:  so  that  a  line,  D  A,  drawn 
from  the  centre  of  the  sun  to  the  earth  on  the  31st  of  December,  and  one, 
D  «,  drawn  to  it  on  the  2nd  of  July,  make  with  one  another  an  angle  of 
1 80'^,  or  are  in  the  same  right  line.  Suppose  a  a  in  the  accompanying 
figure  to  represent  this  line ;  take 
AS  so  as  to  contain  1000  equal  parts, 
and  a  s  1034  of  these  parts;  then, 
A,  s,  and  a  will  represent  the  rela- 
tive positions  of  the  earth  and  sun 
at  these  dates.  Knowing  that  the 
earth  Avas  in  the  position  A  on  the 
31st  of  December,  Ave  can  tell  Avhat 
angle  a  line  draAvn  from  it  to  the  sun  in  its  position  B  at  any  other 
period,  say  the  1st  of  February,  makes  Avitli  s  A ;  that  is,  Ave  can  find  the 
angle  A  s  B ;  in  point  of  fact,  this  angle  is  the  number  of  degrees  mea- 
sured upon  the  ecliptic  between  the  sun's  positions  on  those  tAvo  days. 
Observing  also  the  sun's  apparent  diameter,  Ave  can  compare  its  distance 
on  the  1st  of  February  Avith  that  on  the  31st  of  December;    thus,  taking 


A. 


•  At  2^1  31'  15"  r.  M. 


t  At  61'  45'  41"  A.  M. 
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A  s  as  before  to  contain  1000  parts,  we  can  find  how  many  of  these  parts 
are  contained  by  B  s.  Thus  then  we  shall  have  determined  the  relative 
positions,  A  b,  of  the  earth  in  respect  to  the  sun  on  the  31st  of  December 
and  the  1  fst  of  February, — and  we  may  proceed  similarly  to  ascertain  the 
positions,  c  d,  of  the  earth  in  respect  to  the  sun  at  the  commencement 
of  each  month  in  the  year.  Of  these  distances  we  shall  thus  discover 
this  remarkable  property,  one  of  the  laws  of  Kepler,  that  they  all  lie  in 
the  circumference  qf  a  figure  called  an  ellipse  ;  of  which  curve  the  cha- 
racteristic property  is  this  :  that  if  from  two  given  points  within  it,  called 
its  foci,  there  be  drawn  two  lines  to  any  point  in  its  circumference  or 
periphery,  the  sum  of  these  two  lines  will  be  the  same  wherever  that  point 
may  be  situated.  Of  this  ellipse  the  sun  will  be  found  to  occupy  one  of 
the  foci. 

The  form  of  the  earth's  orbit  being  thus  ascertained  to  be  an  ellipse, 
a  question  at  once  arises  as  to  the  nature  of  its  motion  in  that  ellipse ;  is 
it  uniform,  as  it  might  be  supposed  to  be,  if  it  revolved  in  a  circle  of 
which  the  sun  was  the  centre  ?  or  is  it  in  any  way  modified  by  the  eccen- 
tricity of  its  orbit?  The  motion  of  the  earth  is  hoi  uniform ;  for  if  it 
were,  the  angles  which  it  describes,  in  equal  times,  in  dififerent  parts  of 
its  orbit,  would  be  inversely  as  its  distances  at  those  times.     Thus,  if  the 

earth,  when  at  its  least  distance  from 
the  sun,  s,  orin  its  perihelion,  described 
in  a  day  an  arc  M  n,  equal  to  that,  p  q, 
which  it  described  in  a  day  Avhen  at 
its  greatest  distance,  or  its  aphelion, 
then  the  angle  p  s  q,  would  be  to  the 
angle  m  s  n,  in  the  ratio  of  M  s  to  s  p. 
Now  it  is  ascertained  by  observation,  that  when  it  is  in  its  aphelion, 
the  earth  moves  in  its  orbit  (that  is,  the  sun  moves  in  the  ecliptic) 
through  57'192'  in  24  hours,  and  that  in  its  perihelion  it  moves  through 
61*165'  in  that  time.  Also  its  distance  in  aphelion  Ave  have  shown  to 
be  to  its  distance  in  perihelion  as  1034  to  1000;  it  follows,  then,  that  if 
the  earth's  movement  in  its  orbit  were  uniform,  the  ratio  of  57"  192'  to 
61-165',  or  of  1000  to  1069,  should  equal  that  of  1000  to  1034,— which  it 
does  not.  It  follows,  therefore,  that  the  earth's  motion  in  its  orbit  is  not 
uniform.  But  what  law  governs  it  ?  what  relation  exists  between  the 
angle  it  describes  in  a  given  time,  and  the  distance  at  Avhich  it  describes  it? 
Between  the  ratios  we  have  just  been  stating  there  exists  this 
remarkable  relation.  The  distances  are  inversely  as  1000  to  1034  ;  and 
the  angles  as  1000  to  1069.  Now  if  this  last  ratio  is  squared,  it  will 
become  that  of  1000000  :  1069156;  and  dividing  both  terms  of  it  by 
1000,  it  becomes  1000  :  1069,  omitting  the  small  fraction  -^  in  the 
last  term.  Noav  this  ratio  1000  :  1069  is  precisely  that  of  the  angles. 
The  ratio  of  the  angles  is  therefore  equal  to  that  of  the  squares  of  the 
distances  taken  inversely.  Or,  in  other  words,  the  angles  described  in 
the  same  time  at  aphelion  and  perihelion  are  inversely  as  the  squares  of 
the  distances  at  Avhich  they  are  described.  Whence  it  follows  that  if 
the  angle  described  in  aphelion  be  multiplied  by  the  square  of  its  dis- 
tance, the  product  shall  equal  the  angle  described  in  perihelion  multi- 
plied by  the  square  of  its  distance. 
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Now  this  law  does  not  only  obtain  with  Tregard  to  the  motion  of 
the  earth  in  aphelion  and  perihelion,  but  in  every  other  position  of  its 
orbit.  If  the  angle  described  in  a  day,  for  instance,  in  any  part  of  its 
orbit,  be  multiplied  by  the  square  of  its  distance,  the  product  shall  equal 
the  angle  described  in  a  day  in  any  other  part  of  its  orbit,  multij)lied  by 
the  square  of  its  distance  on  that  day. 

In  the  following  table  will  be  found  the  angles  observed  to  be  de- 
scribed by  the  earth  on  the  first  days  of  the  successive  months  of  the  year; 
and  annexed  to  each  is  its  distance  on  that  day  from  the  sun,  in  terms 
of  the  mean  distance,  which  is  taken  as  10,000. 


Anffle. 

Dist. 

61'  10" 

9,830 

July 

60   51 

9,860 

Aug. 

60     6 

9,920 

Sept. 

59     3 

10,066 

Oct. 

58     6 

10,088 

Nov. 

57  26 

10,146 

Dec. 

An<»le. 

Dist. 

57' 13" 

.  10,168 

57  28 

.  10,144 

58  10 

.   10,082 

59     7 

.   10,001 

60  10 

.     9,910 

60  56 

.     9,860 

Jan.  . 

Feb. 

Mar, 

April 

May  , 

June 


Now  if  the  square  of  each  of  these  distances  be  multiplied  by  the 
corresponding  angle,  the  product  will  be  found  to  be  throughout  the  same. 
Generally,  therefore,  wherever  the  earth  may  be  situated  in  its  orbit,  the 
angle  it  describes  in  a  given  time,  a  day  for  instance,  being  multiplied  by 
the  square  of  its  distance,  will  always  be  the  same  quantity,  viz.  59*128. 

This  is  a  very  remarkable  law.  It  was  discovered  by  Kepler,  and  is 
the  observed  fact  on  which  the  whole  of  Newton's  physical  theory  of  the 
universe  is  made  to  rest.  Kepler  did  not,  however,  leave  his  law  in  this 
form  in  which  it  first  occurred  to  him.  Let  us  sup- 
pose p  and  Q  to  represent  positions  of  the  earth  at  the 
interval  of  a  very  small  portion  of  time  ;  an  hour  for 
instance,  or  a  minute.  Also  let  s  be  the  sun.  The 
line  PQ  being  exceeding  small  when  compared  with 
sp  and  SQ,  may  be  considered  a  straight  line,  and  spQ  a  rectilineal  tri- 
angle. Draw  the  perpendicular  qr.  This  may  be  considered  to  be  a  por- 
tion of  a  circle  described  from  the  centre  s,  at  the  distance  sQ  or  sp.  qr 
will  therefore  equal  the  product  of  sp  by  the  angle  psq  (sp  x  psq).  Now 
the  area  of  the  triangle  psq,  is  equal  to  one-half  the  product  of  sp  by  qr 
(i  SP  X  qr)  ;  therefore  the  area  of  this  triangle  is  equal  to  half  the  product 
of  SP  by  the  product  of  sp  and  psq,  or  to  ^sp*  X  psq.  Thus,  then,  the 
small  triangular  area  psq  swept  over  by  the  line  sp,  called  the  radius 
vector,  in  one  minute  of  time,  is  equal  to  half  the  product  of  the  angle 
PSQ  by  the  square  of  the  distance  sp.  And  if  this  product  be  the  same  in 
every  portion  of  the  earth's  orbit,  it  follows  that  the  area  swept  over  by 
the  radius  vector  of  the  earth  in  every  minute  is  the  same,  and  therefore 
the  area  swept  over  in  60  minutes  in  one  part  of  the  orbit,  is  the  same 
as  that  swept  over  in  60  minutes  of  any  other  portion  of  the  orbit,  and 
thus  that  the  space  or  area  swept  over  by  the  radius  vector  in  one  hour, 
in  one  day,  or  one  week  or  month,  in  any  one  portion  of  the  earth's  orbit, 
is  the  same  as  the  area  swept  over  in  any  other.  Now  we  have  shown 
that  the  product  of  the  angle  described  in  a  day  by  the  square  of  the  dis- 
tance is  the  same  everywhere.  And  precisely  the  same  observations  will 
prove  the  same  fact  in  reference  to  the  angle  described  in  a  minute.     It 
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follows  then,  generally,  that  the  area  thus  dcscriljed  by  the  earth  in  a 
given  time  in  one  portion  of  its  orbit,  is  precisely  the  same  as  that  described 
in  the  same  time  in  any  other  portion.  This  is  called  the  law  of  the  equal 
description  of  areas.  And  it  was  in  this  form  that  it  was  promulgated 
by  Kepler.  "We  shall  show,  hereafter,  that  it  results  from  this  fact  that 
the  deflection  of  the  earth  from  the  rectilinear  path  which  it  would 
otherwise  have  in  space,  is  produced  by  a  force  acting  always  towards 
the  sun,  and  not  at  different  periods  towards  different  points  in  space, 
or  at  the  same  time  towards  different  centres.  It  points  out,  therefore, 
with  certainty  the  sun  as  the  controlling  power  in  the  earth's  motion, 
distinguishing  it  in  this  respect  from  all  the  other  material  existences 
which  people  space,  but  establishing  nothing  as  to  the  law  by  which  its 
influence  upon  it  is  governed. 

The  earth  is  in  perihelion,  or  at  its  nearest  distance  to  us,  in  De- 
cember; it  would  seem,  therefore,  that  at  this  season  our  weather 
should  be  hotter  than  at  any  other.  It  is  at  its  greatest  distance  in 
July ;  about  that  time  we  should  therefore  expect  the  coldest  weather. 
We  know  the  contrary  of  this  to  be  the  case.  How  is  this  to  be  accounted 
for  ?  The  variations  of  the  seasons  have  been  explained  as  dependant, 
not  upon  actual  variations  in  the  distance  of  the  source  of  light  and 
heat,  but  upon  the  relative  obliquities  of  the  directions  in  which  the 
rays  of  light  and  heat  'are  received,  and  on  the  relative  lengths  of  the 
periods  during  which  they  are  received  ;  but  unquestionably  these  causes, 
although  in  themselves  they  sufficiently  explain  our  alternations  of  heat 
and  cold,  admit  of  being  modified  in  their  results  by  other  causes,  and 
especially  by  a  variation  in  the  distance  of  the  sun.  We  might,  for 
instance,  be  brought  so  much  nearer  to  the  sun  in  Avinter  than  in  summer, 
as  to  make  the  temperature  constant.  And  unquestionably,  our  actual 
variation  of  distance  is  such  as  Avould  produce  this  effect  in  so?ne  degree, 
Avere  it  not  for  another  cause  tending  in  a  great  degree  to  modify 
this.  The  earth  moA  es  faster  round  the  sun,  or  with  a  greater  angular 
Telocity,  w^lien  it  is  nearer  to  the  sun,   than  Avhen  it  is  more  distant. 

So  that  in  traversing  a  given  distance 
off  in  space  it  has  not  so  much  time 
to  receive  heat  when  near  the  sun 
as  when  more  distant.  This  will 
be  evident  from  a  mere  inspection 
of  the  diagram.  Let  pq  and  tr  be 
portions  of  the  earth's  orbit,  de- 
scribed by  it  in  the  same  time,  say  one  month,  the  one  near  its  aphelion, 
and  the  other  near  its  perihelion ;  then,  by  Kepler's  law  of  the  equal 
description  of  areas,  the  areas  rst  and  psq  are  equal  to  one  another; 
and  the  two  distances  sp  and  SQ  being  greater  than  st  and  sr,  it  is 
evident  that  the  angle  psq  must  be  less  than  the  angle  rst,  in  order 
to  make  up  this  equality.  Now  the  law  by  Avhich  the  light  and  heat 
of  the  sun  is  communicated  to  the  same  body  when  situated  at  different 
distances  is  this;  if  at  any  distance  you  multiply  the  quantity  (anyhow 
measured)of  light  and  heat  Avhich  it  receives  in  a  given  time  by  the  square 
of  its  distance,  the  product  will  be  the  same  as  though  you  multiplied  the 
quantity  of  light  <ind  heat  which  it  receives  in  the  same  given  time  at  any 
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other  distance,  by  the  square  of  that  distance.  This  is  commonly  ex- 
pressed by  saying  that  quantities  of  light  and  heat  are  inversely  as  the 
squares  of  the  distances.  But  we  have  shown  that  if  we  multiply  the  angle 
described  in  any  given  time  by  the  square  of  the  distance,  that  product 
will  equal  a  similar  j^roduct  taken  in  any  other  part  of  the  orbit.  The 
quantity  of  heat  received  in  any  given  time  varies,  then,  according  to 
precisely  the  same  law  that  the  angle  described  in  that  time  varies, — the 
relation  of  both  to  the  distance  is  the  same.  And  thus  the  quantity  of 
heat  received  by  the  earth  in  describing  the  same  angle  is  always  the 

same.    Thus,  if  Ps  and  qs  be  produced  ^ _e_ 

to  T  and  R,  since  the  vertical  angles  at 
s  are  equal,  there  is  as  much  heat 
received  by  the  earth  in  moving  from 
p  to  Q,  as  in  moving  from  T  to  R.  Or 
di-awing    the    straight  line    ash,   the 

earth  receives  precisely  as  much  heat  ""  ^ 

from  the  sun  whilst  describing  the  space  apb  during  the  summer  months, 
as  whilst  describing  the  portion  bra,  which  is  its  path  in  winter.  Thus, 
that  modification  of  the  seasons  which  would  otherwise  be  produced  by 
our  different  distances  from  the  sun  Is  altogether  got  rid  of,  and  the 
causes  we  have  assigned  for  these  phenomena  exercise  their  full  influence. 
"We  have  now  described  the  form  of  the  earth's  orbit.  Its  position, 
too  (which,  not  being  a  circle,  but  an  oblong,  is  of  importance),  is  easily 
known  thus  : — The  earth  comes  to  its  perihelion  on  the  31st  of  December, 
as  is  known  from  the  fact  of  its  diameter  being  then  the  greatest,  also 
the  sun  appears  always  In  the  opposite  quarter  of  the  heavens  to  that 
occupied  by  the  earth.  Ascertaining,  then,  what  is  the  opposite  place  of 
the  sun  in  the  ecliptic  on  the  31st  of  December,  and  measuring  from  this 
180  degrees,  we  know  the  precise  position  of  the  earth  at  that  time,  and, 
therefore,  of  the  perihelion.  The  opposite  cjuarter  of  the  heavens  is  the 
aphelion ;  and  thus  we  know  which  way  in  space  the  length  of  the 
elliptic  orbit  lies,  and  of  course  which  way  its  breadth  lies. 

No.  VII  [. 

The  Dimensions  of  the  Earth's  Orbit. 

Knowing  the  form  and  position  of  the  earth's  orbit,  it  remains  now- 
only  to  fix  its  actual  dimensions.  The  general  method  by  which  the  dis- 
tance of  the  sun  from  the  earth  is  found  the  reader  will  readily  understand. 
Let  A  and  b  be  two  places  on  the  earth's  surface,  which  are  on  the  same 
meridian  of  longitude.  And  suppose  that  at  the  same  instant  two 
observers  ascertain  the  angular  distance  of  the  sun  from  the  zeniths  z 
and  z'  of  these  two  places.  These  angular  distances  will  be  the  angles 
ZAS  and  z'bs,  which  will,  therefore,  be  known.  Also  the  latitudes  of 
the  places  of  observation  being  knoAvn,  the  angle  acb,  Avhich  Is  the 
sum,  or  difference  of  these  latitudes,  is  known ;  and  the  dimensions  of 
the  earth  being  known,  the  radii  CA  and  cb  are  known.  Now  having 
these  quantities  given,  we  can  determine,  by  the  rules  of  trigonometry, 
all  the  others  which  concern  the  quadrilateral  figure  acbs;  as  wull  be 
evident  to  any  one  acquainted  with  that  science.     It  may  be,  however, 
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made  plain  to  tliose  who  are  not,  as  follows : — If 
two  lines,  ca  and  cb,  be  taken,  inclined  to  one 
another  at  an  angle,  acb,  equal  to  the  sum  or  dif- 
ference of  the  latitudes,  and  as  many  equal  parts 
be  measured  off  from  c  a  as  there  are  miles  in  the 
corresponding  radius  of  the  earth,  and  as  many 
from  CB  as  in  the  radius  corresponding  to  b  ; 
also,  if  at  the  points  B  and  a,  thus  determined, 
lines,  AS  and  bs,  be  drawn  inclined  to  ac  and 
AB  at  angles  equal  to  the  observed  zenith  dis- 
tances, ZAS  and  z'bs,  then  the  lines  as  and  bs 
will  meet  in  some  point,  s,  determined  by  the 
conditions  under  which  the  figure  has  been 
constructed;  and  this  point  s  will  hold  the 
same  position  in  respect  to  a  and  b  and  c 
that  the  sun  does  in  respect  to  the  two  places 
of  observation  and  the  earth's  centre.  If,  then, 
we  find  how  many  of  the  equal  parts  used  there 
are  in  sc,  we  shall  know  the  number  of  miles 
which  the  earth's  centre  is  distant  from  the  sun. 

The  method  which  has  been  described  is  one  of  the  least  artificial 
that  can  be  conceived.  In  actual  practice  the  compass  and  rule  would 
fail  us  for  want  of  accuracy,  and  even  calculations  thus  made  would  not 
give  even  an  approximation  to  the  truth,  by  reason  of  the  great  length  of 
8  A  and  s  B  as  compared  with  c  A  and  c  b.  We  must,  therefore,  have  recourse 
to  trigonometry,  by  a  very  simple  operation  of  which  we  shall  be  enabled 
to  determine  sc,  knomng  ca,  cb,  bca,  z'bs,  and  zas.  It  is  thus 
ascertained  that  the  mean  distance  of  the  sun  is  23984  radii  of  the 
earth,  or  that  sc  is  23984  times  ac.  This  result  is  confirmed  by  other 
and  independent  observations  and  calculations  of  a  more  complicated, 
and  of  a  more  accurate  nature.  We  may,  therefore,  assume  as  a  result, 
which  cannot  possibly  be  in  error  beyond  certain  known,  and  those  com- 
paratively very  narrow  limits,  that  the  sun  is  distant  from  us  95  millions 
of  miles.  The  greatest  diameter  of  the  earth's  orbit  is  equal  to  twice  its 
mean  distance,  or  47,968  radii  of  the  earth.  Now  it  has  been  shown 
that  the  sun's  distance  from  the  two  extremities  of  this  orbit  are  in  the 
ratio  of  32,593  to  31,517  ;  this  being  the  ratio  of  its  apparent  diameters 
in  aphelion  and  perihelion,  we  have  only  then  to  divide  the  number 
47,968  into  parts  which  are  in  the  ratio  of  32,593  to  31,517,  and  we 
obtain  for  the  earth's  distance  in  aphelion  24,388  radii  of  the  earth ;  and 
for  its  distance  in  perihelion  23,580  radii.  Knowing,  thus^  the  position 
of  one  of  the  foci  of  the  earth's  orbit,  and  the  length  of  its  greater 
diameter,  we  can  determine  all  its  dimensions.  Thus,  then,  the  magni- 
tude of  the  earth's  orbit  is  completely  known. 


No.  IX. 
The  Plane  of  the  Earth's  Orbit. 

In  our  reasonings  hitherto  we  have  supposed  the  observer  to  occupy 
a  position  on  the  earth's  surface,  and  everything  presented  to  him  under 
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these  circumstances  has  necessarily  been  presented  under  a  complicated 
form,  combining  -with  its  proper  motion  another  apparent  motion,  arising 
from  a  continual  change  in  the  observer's  point  of  view  ;  to  separate  these 
tAvo  motions  is  a  distinct  operation  of  the  mind,  and  one  of  considerable 
effort. 

The  mind  may  now,  however,  take  up  a  new  position  in  the 
universe,  and  in  imagination  move  at  will  on  the  surface  of  a  fixed 
invariable  plane,  that  of  the  earth's  orbit,  which  when  produced  in  the 
vault  of  the  heavens,  traces  out  there  the  ecliptic.  Let  a  line  be 
drawn  perpendicular  to  this  plane  through  the  sun,  and  it  will  mark 
on  the  heavens  a  point  called  the  pole  of  the  ecliptic ;  great  circles  of 
the  heavens  drawn  through  this  pole  perpendicular  to  the  ecliptic  are 
called  circles  of  celestial  latitude,  and  the  latitude  of  any  point  in  the 
heavens  is  the  number  of  degrees  between  that  point  and  the  ecliptic, 
measured  on  one  of  these  circles. 

If  a  line  be  drawn  through  the  sun  parallel  to  the  direction 
of  the  earth's  axis,  and  through  this  line  a  plane  perpendicular 
to  the  plane  of  the  earth's  orbit,  this  plane  will  intersect, — the  heavens  in  a 
circle  called  the  solstitial  colure, — and  the  line  of  the  earth's  orbit  in  the 
points  which  we  have  before  shown  to  be  those  occupied  by  its  centre  at 
the  solstices* — and  the  celestial  ecliptic  in  two  points  called  Cancer  s  and 
Capricorn  VS,  in  which  points  of  the  heavens  are  the  sun's  apparent  places 
at  the  time  of  the  solstices.  If  from  these  points  were  measured  oif  90 
degrees  both  ways  on  the  ecliptic,  we  shall  determine  two  points  in  it 
called  the  equinoctial  points,  ^3=  and  PP,  where  the  sun  appears  on  the 
equinoxes.  The  number  of  degrees  from  Aries  QP  eastward  of  the  point 
where  the  circle  of  latitude  of  any  place  in  the  heavens  cuts  the  ecliptic, 
is  called  the  longitude  of  that  place  of  the  heavens. 


Thus,  if  NESW  be  the  intersection  of  the  plane  of  the  earth's  orbit 
CD  with  the  sphere  of  the  heavens,  it  mil  be  the  celestial  ecliptic,  and  if 
8  n  be  perpendicular  to  this  plane,  n  will  be  its  pole.     If  ab  be  parallel 

•  These  are  the  northern  and  southern  points  of  the  earth's  orbit. 
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to  the  earth's  axis,  and  the  plane  IIbns  perpendicular  to  skn,  the  Inter- 
section, s  LI  N,  of  this  plane  with  the  sphere  of  the  heavens  will  be  the  sols- 
titial colure,  and  s  and  n  will  be  the  solstices  Capricorn  Y5  and  Cancer  gB, 
and  the  south  and  north  points  of  the  ecliptic ;  90  degrees  from  these 
will  be  the  points  '^P  and  =^,  of  which  the  former  is  the  western  and 
the  latter  the  eastern  point  of  the  ecliptic.  The  latitude  of  any  point  a 
of  the  heavens  is  the  arc  cr  K,  and  its  longitude  the  arc  cp  n  k,  or  the 
angle  op  sK. 

The  sphere  of  the  heavens  which  we  are  now  describing  Is  in  reality 
a  different  one  from  that  before  spoken  of;  that  sphere  had  its  ima- 
ginary centre  in  the  centre  of  the  earth  ;  this  has  for  its  centre  the  centre 
of  the  sun ;  so  that  the  centre  of  its  former  sphere  was  in  motion,  and 
Its  nK)tion  was  perpetually  round  the  centre  of  this  sphere.  But  it  was 
shown  that  the  radius  of  the  circle  in  which  this  motion  takes  place  is  infi- 
nitely small  as  compared  with  the  radius  of  the  great  sphere  of  the  heavens ; 
so  that,  so  far  as  the  appearance  of  objects  on  its  surface  was  concerned, 
It  might  be  considered  to  be  at  rest.  So  far  as  the  appearance  of  these 
objects  are  concerned,  It  may  therefore  be  supposed  to  coincide  with  the 
centre  of  that  sphere  of  which  we  are  now  speaking.  Considering  then  the 
centres  and  surfaces  of  these  spheres  to  coincide,  we  shall  have  two  sets  of 
lines  on  the  celestial  sphere,  the  one  having  reference  to  the  equinoctial, 
and  the  other  to  the  ecliptic,  and  two  poles,  one  being  that  of  the  former, 
and  the  other  of  the  latter.  The  right  ascension  and  declination  of  any 
heavenly  body  or  point  In  the  heavens  Is  measured  and  fixed  by  means 
of  the  former  set  of  lines,  precisely  as  its  longitude  and  latitude  are  by 
means  of  the  latter. 
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tJEOLOGY  AND  THE  HOLY  SCRIPTURES. 

[We  have  received  from  a  reverend  gentleman,  highly  distinguished  both  for  his  piety 
and  his  learning,  the  following  communication  on  the  subject  of  our  review  of 
Dr.  Buckland's  Bridgewater  Treatise.  As  a  scriptural  and  philological  argu- 
ment, it  might,  by  strict  construction,  be  deemed  somewhat  out  of  place  in  the 
Magazine  of  Popular  Science ;  but  a  consideration  of  the  importance  of  the 
subject,  and  the  interest  which  it  is  peculiarly  calculated  to  excite  in  the  minds  of 
religious  readers,  particularly' when  so  able  and  influential  a  person  as  the  writer  of 
this  paper  has  entered  into  the  discussion  in  our  own  pages,  have  decided  us  to 
waive  this  distinction,  and  to  present  it  to  our  readers,  without  remark  or  comment.  ] 

To  the  Editor  of  the  Magazine  of  Popular  Science. 

Sir, — With  cordial  approbation  of  the  design  and  the  general  execution 
of  your  article,  in  the  last  month,  upon  Dr.  Buckland's  Bridgewater 
Treatise,  I  request  your  candid  indulgence  of  some  brief  remarks. 

The  observations  in  pp.  337 — 339,  appear  to  me  capable  of  being 
misunderstood,  or  of  being  construed  injuriously  in  various  ways  to  the 
interests  of  both  science  and  religion.  The  tendency  of  those  observa- 
tions appears  to  be,  First,  to  assume  (or  at  least  to  warrant  the  assumption) 
that  the  Holy  Scriptures  contain  allegations  and  implications  with  respect 
to  the  natural  history  of  our  earth,  which  are  contradicted  and  disproved 
by  the  demonstrations  of  modern  geology ;  and,  Secondly,  that  it  is  the 
duty  of  a  philosopher  to  abstain  from  any  discussion  of  this  discrepancy, 
and  from  any  inquiry  whether  it  be  real  or  only  apparent :  as  if  it  were- 
said.  Let  these  two  branches  of  knowledge  be  kept  far  away  from  each 
other  :  let  philosophers  and  geologists  pursue  their  own  course,  and  let 
theology  and  religion  practise  their  own  duties,  and  watch  over  their  own 
interests ;  but  let  neither  interfere  with  the  other ;  let  no  inquiry  ever  be 
made  whether  they  are  in  accordance  or  in  opposition. 

This  short  way  of  dismissing  the  matter  has,  indeed,  been  adopted 
by  some  eminent  men ;  but  I  appeal,  Sir,  to  your  impartial  reflection, 
whether  it  is  not  absurd  and  impracticable. 

1.  It  is  absurd.  Truth  throughout  her  whole  domain,  illimitable  as 
is  its  extent,  is  one  in  principle,  and  harmonious  in  details.  It  is  no 
other  than  the  having  our  conceptions  in  accordance  with  the  reality  of 
things.  And  Truth  in  expression  (=  veracity)  is  the  adapting  of  our 
language,  written  or  spoken,  to  the  honest  utterance  of  our  concep- 
tions. A  mere  child,  if  he  will  reflect  a  moment,  perceives  that  a  propo- 
sition cannot  be  true  and  false,  under  the  same  circumstances  ;  unless 
there  be  some  artifice  practised  in  the  use  of  terms.  An  assertion  cannot 
be  true  in  theology,  and  false  in  geology,  or  any  department  whatever  of 
scientific  knowledge ;  nor  inversely.  It  really  is  an  insult  to  men's 
understandings,  to  admit  indirectly,  that  there  are  affirmations  or  doc- 
trines in  the  records  of  revealed  religion,  which  are  disproved  by  the 
clearest  evidence  of  science ;  and  then  to  proscribe  investigation,  with  a 
solemn  pretence  of  mysteries  not  to  be  inquired  into,  an  hypocritical 
tone  of  reverence  for  sacred  things.  The  veil  is  transparent ;  no  man 
can  be  deceived  by  it :  but  it  is  lamentable  that  any  should  attempt  to 
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deceive  by  it.  We  greatly  wrong  the  interests  of  knowledge,  and  pre- 
judice our  own  improvement,  when  we  but  seem  to  admit  that  theology 
is  an  insulated  portion  of  science,  which  may  be  safely  pursued  by  itself, 
and  which  yields  no  advantages  to  other  departments.  True  theology, 
on  the  contrary,  attracts  to  itself,  illustrates,  and  harmonizes  all  other 
knowledge.  It  is  the  science  which  relates  to  the  Author  and  Preserver 
of  the  whole  dependent  universe  ;  whatever  may  be  known  concerning 
Him,  for  the  noblest  purposes  of  intellectual  improvement,  of  personal 
virtue,  and  of  diffusive  happiness.  It  is  formed  by  strict  induction  from 
the  works  and  the  word  of  God  ;  natural  notices,  and  positive  revelation. 
It  is  the  friend  of  all  science ;  it  appropriates  all  truth ;  it  holds  fellow- 
ship with  no  error. 

2.  It  is  impracticable.  This  kind  of  ban  upon  a  reasonable,  an 
inevitable  query,  is  never  submitted  to  by  any  person  of  sound  under- 
standing. Either  he  receives  the  assumption, — and,  as  its  consequence, 
he  rejects  covertly  or  openly  the  truth  and  authority  of  the  Bible  ;  or 
he  searches  out  the  matter  fairly  and  fully,  and  then  he  learns  that 
the  assumption  is  false. 

Is  it  then  the  fact,  that  such  fair  and  impartial  inquiry  will  bring 
out  this  result  ?  Is  it,  after  all,  an  erroneous  assumption,  that  the  decla- 
rations of  Scripture  and  the  sensible  demonstrations  of  geological  science, 
pointedly  contradict  each  other  ?  Does  not  the  Bible  teach  that  the 
moment  of  the  Supreme  Being's  first  putting  forth  his  creating  power,  was 
only  about  six  thousand  years  ago  ?  And  do  not  the  undeniable  phe- 
nomena of  stratification,  and  other  facts,  demonstrate  that  our  globe  (to 
say  nothing  of  the  rest  of  the  solar  system,  and  the  astral  universe,)  has 
existed,  has  passed  through  countless  changes,  such  as  are  continually  in 
progress,  and  others  of  a  more  intense  character,  which  rational  estima- 
tion must  suppose  to  have  required  a  period  for  their  production  so 
vast  as  to  fill  us  with  astonishment, — which  no  calculator  ventures  to  lay 
down, — which  probably  amounts  to  millions  and  millions  of  years  ? 

Fully  admitting  the  assumptions  in  the  last  query,  I  deny  that  of 
the  preceding  one. 

It  is  to  be  lamented  that  the  common  habits  of  expression  nourish 
the  opinion,  that  the  authority  of  Scripture  maintains  the  commencement 
of  dependent  nature  to  have  been  as  has  been  stated  :  and  it  is  scarcely 
less  to  be  lamented  that  theories  have  been  propounded  for  conciliating 
the  facts  of  nature  and  the  Scripture  narrative,  which  rest  upon  either  a 
defective  acquaintance  with  those  facts,  or  a  disregard  to  the  plain  use  of 
language  in  that  narrative.  Of  the  former  kind  are  the  schemes  for 
finding  the  time  requisite  for  the  terrene  formations,  in  the  period  from 
the  creation  of  the  first  man,  to  the  Noachian  deluge  ;  of  the  latter,  those 
which  interpret  the  days  of  successive  operation,  laid  down  in  the  primeval 
record,  as  if  they  were  indefinite  periods. 

It  will  appear  evident  to  any  one  who  will  reflect  upon  the  case, 
that  the  records  of  revelation  must  have  been  written  in  the  phraseology 
and  idioms  of  the  people  and  the  age  to  which  they  were  given;  or  they 
would  have  been  unintelligible.  Upon  this  principle  we  account  for  the 
manner  in  which  natural  phenomena  0,re  currently  described ;  and  for 
the  expressions  which  impute  to  the  Infinite  Spirit  the  form,  the  organs, 
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and  the  mental  affections  of  a  human  being ;  and  various  other  character- 
istics of  the  parabolic  style  of  the  Hebrew  Scriptures.  Such  language 
was  a  condescension  to  the  infirmities  of  mortals,  and  best  adapted  to  the 
instruction  of  the  general  mass  of  mankind  :  but  it  is  self-evident  that 
it  must  be  interpreted  in  a  manner  congruous  with  the  perfect  attributes 
of  the  Deity,  and  the  reality  of  things. 

A  philological  survey  of  the  initial  section  of  the  Bible  (Gen.  i.  1, 
to  ii.  3.)  brings  out  the  result : — 

i.  That  the  first  sentence  is  a  simple,  independent,  all-comprehend- 
ing, axiom,  to  this  effect — that  matter,  elementary  or  combined,  aggre- 
gated only  or  organized,  and  dependent  sentient  mid  intellectual  beings, 
have  not  existed  from  eternity,  either  in  self-continuity  or  succession, 
but  had  a  beginning  ;  that  their  beginning  took  place  by  the  all-powerful 
will  of  One  Being,  the  Self-existent,  Independent,  and  Infinite  in  all 
perfections  ;  and  that  the  date  of  that  beginning  is  not  made  knoAvn. 

ii.  That,  at  a  recent  epoch,  our  planet  was  brought  into  a  state  of 
disorganization,  detritus,  or  ruin,  (perhaps  we  have  no  perfectly  appro- 
priate term,)  from  a  former  condition. 

iii.  That  it  pleased  the  Almighty,  Wise,  and  Benevolent  Supreme, 
out  of  that  state  of  ruin,  to  adjust  the  surface  of  the  earth  to  its  now 
existing  condition  ;  partly  by  the  operation  of  the  mechanical  and  chemi- 
cal causes  (what  we  usually  call  haws  of  Nature, )  which  Himself  had 
established;  and  partly,  that  is,  whenever  it  was  necessary,  by  His  own 
creative  power,  or  other  immediate  intervention ;  the  whole  extending 
through  the  period  of  six  natural  days. 

It  has  been  indeed  maintained,  that  the  conjunction  and,  with 
which  the  next  sentence  begins,  connects  the  succeeding  matter  vnth  the 
preceding,  so  as  to  forbid  the  intercalating  of  any  considerable  space  of 
time.  To  this  we  reply,  that  the  Hebrew  conjunction,  agreeably  to 
the  simplicity  of  ancient  languages,  expresses  an  annexation  of  subject 
or  a  continuation  of  speech,  in  any  mode  whatever,  remote  as  well  as 
proximate.  For  denoting  such  different  modes  of  annexation,  the  Greek 
and  other  languages  have  a  variety  of  particles ;  but  their  use  is  in 
Hebrew  compensated  by  the  shades  of  meaning  which  the  tone  in  oral 
speech,  and  the  connexion  in  writing,  could  supply.  To  go  no  further 
than  the  first  two  leaves  of  the  Hebrew  bible,  we  find  this  copula 
rendered  in  our  authorized  version,  by  thus,  but,  now,  and  also. 

This  interpretation  is  what  I  have  been  labouring  to  diffuse  for 
more  than  thirty  years,  in  private  and  in  public,  by  preaching,  by  acade- 
mical lecturing,  and  by  printing.  But  it  is  not  my  interpretation, 
though  I  believe  that  I  originally  derived  it  from  the  sole  study  of  the 
Bible-text.  Clemens  of  Alexandria,  Origen,  Basil,  Chrysostome,  and 
Augustine,  among  the  fathers  (though  not  in  a  truly  philosophical  way, 
which  was  not  to  be  expected),  departed  from  the  vulgar  notion  :  and 
some  judicious  interpreters  of  the  sixteenth  and  seventeenth  centuries 
have  done  the  same,  in  particular.  Bishop  Patrick  and  Dr.  David 
Jennings.  Of  modern  Scripture  critics  I  say  nothing ;  for  prejudice, 
justly  or  unjustly,  may  lie  against  them.  Not  that  the  question  is  to 
be  settled  by  human  authority.  Our  only  appeal  for  decision  is  to  the 
Bible  itself,  fairly  interpreted.    But  the  mention  of  venerable  names  may 
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be  useful,  to  allay  the  apprehensions  of  some  good  persons,  who  only 
hear  obscurely  of  these  subjects,  and  have  not  the  means  of  forming  an 
independent  judgment  on  solid  grounds, 

I,  therefore,  with  many,  feel  greatly  obliged  to  Dr.  Buckland  for 
having  come  in  aid  of  this,  which  I  believe  to  be,  the  true  sense  and 
meaning  of  the  sacred  writers.  I  am  framing  no  hypotheses  in  geology  ; 
I  only  plead  that  the  ground  is  clear,  and  that  the  dictates  of  Scripture 
interpose  no  bar  to  observations  and  reasonings  upon  the  mineralogical 
constitution  of  the  earth,  and  the  remains  of  organized  creatures  which 
its  strata  disclose.  If  those  investigations  should  lead  us  to  attribute  to 
the  earth,  and  to  the  other  planetary  and  astral  spheres,  an  antiquity 
which  millions  or  ten  thousand  millions  of  years  might  fail  to  represent, 
the  divine  records  forbid  not  their  deduction.  Let  but  the  geologist 
maintain  what  his  science  so  loudly  proclaims,  that  the  universe  around 
us  has  been  formed,  at  whatever  epoch,  or  through  whatever  succession 
of  epochs,  to  us  unknown,  by  the  power  and  wisdom  of  an  Almighty  first 
cause.  Let  him  but  reject  the  absurdities  of  pre-existent  matter,  of  an 
eternal  succession  of  finite  beings,  of  formations  without  a  former,  laws 
without  a  lawgiver,  and  nature  without  a  God.  Let  him  but  admit  that 
man  is  but  of  yesterday,  and  that  the  design  of  revelation  is  to  train  him 
to  the  noblest  purity  and  happiness  in  the  immortal  enjoyment  of  his 
Creator  s  beneficence ;  and  he  will  find  the  doctrines  of  the  Bible  not  an 
impediment,  but  his  aid  and  his  joy. 

I  have  written  much  more  than  I  anticipated,  and  I  will  tax  your 
indulgence  no  longer ;  otherwise,  confirmation  and  illustration  might  be 
brought  from  various  passages  of  Scripture,  and  it  would  plainly  appear 
that  a  just  interpretation  of  the  idioms  of  the  Hebrew  language,  marked 
with  archaic  simplicity,  would  show  them  to  be  susceptible  of  an  un- 
forced accommodation  to  philosophical  truth  ;  just  as,  in  every  modern 
language,  phrases  of  current  parlance,  which,  literally  taken,  would  be 
absurd,  are  continually  used  by  the  masters  of  science  as  well  as  by 
common  men.  In  such  cases,  error  is  neither  given  nor  taken,  and  to 
affect  philosophical  precision  would  be  miserable  pedantry.  This  general 
principle  may,  I  humbly  think,  be  satisfactorily  applied  to  the  account 
of  the  Noachian  Deluge,  and  to  the  obviating  of  some  of  its  difficulties, 
though  others  will  probably  remain  as  a  proper  test  of  our  disposition 
to  rely  implicitly  on  the  infinite  wisdom,  goodness,  and  power  of  the 
glorious  Author  and  Preserver  of  all  things;  "  in  whose  hand  are  the 
deep  places  of  the  earth,  and  the  strength  of  the  hills  is  His  also." 

J  P  S 
Bee.  10,  1836. 
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QUESTIONS  FOR  SOLUTION  RELATING  TO  METEOROLOGY, 
HYDROGRAPHY,  AND  THE  ART  OF  NAVIGATION. 

By  M.  Arago. 

[Continued  from  p.  397,  vol.  II.] 

PHENOMENA  OF  THE  SEA. 

On  the  means  of  drawing  up  Se;a-water  from  great  depths,  and  of 
ascertaining  in  what  proportion  the  two  principal  constitu- 
ENTS OF  Atmospheric  Air  are  contained  in  it*. 
Chemists  have  long  since  proved,  that  Avater  becomes  impregnated 
with  the  gases  which  rest  on  its  surface.  This  ahsoi'ption  takes  place  in 
consequence  of  true  chemical  affinities  existing  between  the  water  and 
the  different  gases  ;  when  their  effects  on  oxygen  and  azote,  the  two 
principal  constituents  of  atmospheric  air,  are  carefully  examined,  the 
affinity  is  found  to  be  much  stronger  with  regard  to  the  first  than  the 
second.  Hence  it  follows,  that  the  waters  of  seas  and  rivers,  being 
always  in  contact  with  the  atmosphere,  become  at  length  impregnated 
with  gaseous  mixtures,  in  which  oxygen  predominates.  Indeed,  the  very 
accurate  experiments  of  MM.  von  Humboldt  and  Gay-Lussac  have  proved 
that  rain-Avater,  the  water  of  the  Seine,  and  snow-water,  contain  a  mix- 
ture of  oxygen  and  azote,  in  every  100  parts  of  which  there  are  from 
29  to  32  of  oxygen;  though  the  proportion  of  oxygen  in  atmospheric  air 
is  constantly  equal  to  21  parts  only,  and  that  in  all  seasons  and  climates. 
MM.  von  Humboldt  and  Proven9al  have  in  addition  to  this  ascertained, 
that  the  absolute  volume  of  mingled  gases  contained  in  water  near  the 
surface  is  ^'^  of  the  volume  of  water. 

It  follows  as  a  necessary  consequence  of  these  properties,  that  the 
vast  extent  of  sea  which  covers  a  large  part  of  the  globe,  is  impregnated 
with  a  mixture  of  gases,  the  proportions  of  which,  near  the  surface,  must 
be  similar  to  those  just  mentioned.  I  have  ascertained  that  it  is  so  at  the 
depth  of  eleven  hundred  yards ;  for,  in  an  experiment  I  formerly  made 
in  the  Mediterranean,  sea-water,  drawn  from  that  depth,  yielded  a  mix- 
ture which  contained  28  parts  of  oxygen  in  every  100. 

But  here  several  important  questions  in  terrestrial  physics  present 
themselves,  which  cannot  be  solved  by  the  apparatus  I  then  employed. 
In  proportion  to  the  descent  into  the  sea,  does  the  pressure  of  the  supe- 
rior portion  upon  the  inferior  become  greater  ;  and  as  a  column  of  sea- 
water  eleven  yards  in  height,  is  nearly  of  the  same  weight  as  a  column  of 
air  of  an  equal  base  extending  from  the  surface  of  the  earth  to  the  limit  of 
the  atmosphere,  it  follows  that  at  a  depth  of  eleven  hundred  yards  the 
water  sustains  a  pressure  of  a  hundred  atmospheres.  How  enormous, 
then,  must  this  pressure  be  on  beds  still  lower,  if  the  mean  depth  of  the 
sea,  at  a  distance  from  the  coasts,  extends  to  several  miles,  as  the  laws 
of  gravitation  seem  to  indicatet !  It  has  also  been  proved,  by  direct  ex- 
periment, that  water,  whose  surface  is  in  contact  with  compressed  gases, 

*  This  part  of  the  subject  was  drawn  up  by  M,  Blot, 
-f-  Mecanique  Celeste,  torn.  ii.  p.  200. 
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and  which  sustains  their  pressure,  absorbs  the  same  volume  of  these 
gases  as  if  they  were  subjected  to  the  simple  pressure  of  a  single  atmo- 
sphere ;  SO  that  the  weight  absorbed  becomes  proportionably  greater.  If, 
then,  the  single  fact  of  a  uniform  absorption,  propagated  from  one  bed  to 
another  throughout  the  whole  mass  of  Avaters,  be  sufficient  to  account  for 
the  presence  of  a  considerable  volume  of  air,  how  greatly  may  the  quan- 
tity be  increased  if  it  should  be  in  proportion  to  the  pressure  due  to  each 
depth !  As  this  saturation  must  have  been  in  gradual  operation  ever 
since  the  seas  were  formed,  it  must  also  liave  modified  gradually  the  pre- 
existing atmosphere,  and  perhaps  continues  to  affect  the  present  one  if 
the  affinity  which  produces  the  saturation  is  not  satisfied.  The  influence 
of  these  phenomena  on  the  state  of  the  atmosphere,  and,  consequently, 
on  the  conditions  of  existence  of  the  living  beings  on  the  surface  of  the 
globe,  is  amply  sufficient  to  induce  us  to  examine  them,  and  to  measure 
the  extent  of  their  operation. 

For  this  purpose,  it  is  desirable  to  obtain  sea- water  from  great 
depths,  far  from  land,  and  to  bring  it  to  the  surface  with  all  the  air  which 
it  contains.  This  air  must  then  be  disengaged  by  boiling,  its  volume 
measured  under  the  ordinary  pressure  of  the  atmosphere,  and  finally 
subjected  to  chemical  analysis.  In  these  operations,  the  only  difficult  one 
is  that  of  drawing  the  water  from  the  desired  depth,  and  bringing  it  to 
the  surface  with  all  its  contents.  First,  care  must  be  taken  not  to 
employ  vessels  Avhich  are  exhausted,  or  filled  with  air  only,  designed 
to  open  and  admit  the  water  at  the  assigned  depth ;  for  the  pressure 
to  which  they  must  be  subjected  before  they  are  deep  enough,  will 
cause  the  water  to  filter  through  the  joints  of  the  most  perfect  plugs, 
or  crush  the  vessel  if  these  resist.  And,  secondly,  if  the  gaseous  mixture 
contained  in  the  deep-lying  beds  is  subjected  to  the  same  pressure  which 
they  undergo,  it  will  expand  inversely  when  the  apparatus  is  brought  near 
the  surface,  and  -will  either  escape  by  the  plug,  or  burst  the  vessel  con- 
taining it.  In  order  to  avoid  these  contrary  effects,  a  hollow  glass  cylin- 
der ought  to  be  employed,  closed  at  one  extremity  by  a  solid  plate  of 
metal,  thus  forming  a  complete  bucket  provided  with  a  handle,  to  which 
a  cord  is  attached  to  let  it  down  to  the  depths  of  the  sea.  This  bucket 
being  empty,  and  open  to  the  surrounding  water,  descends  into  the 
different  beds  without  being  injured  by  their  pressure.  When  it  has 
reached  the  required  depth,  another  cord  is  pulled,  this  is  attached  by 
an  inverted  handle  to  its  loAver  part,  and  serves  to  invert  it.  This  second 
cord  is  then  employed  to  draw  up  the  apparatus,  and  in  order  that  it  may 
not  get  entangled  with  the  first,  it  is  worked  from  the  other  end  of  the 
ship.  The  cylinder  of  glass  has  two  bottoms,  one  fixed,  the  other  move- 
able. The  latter  is  in  reality  the  piston  of  an  air-pump,  which  descends 
by  its  own  weight,  when  the  bucket  is  drawn  up ;  at  the  same  time,  the 
fixed  bottom  has  a  small  hole,  furnished  with  a  valve,  opening  inwards 
by  the  pressure  of  the  surrounding  water,  and  allowing  it  to  enter  into 
the  empty  space  made  by  the  descending  piston.  When  this  has  com- 
pleted its  descent,  and  the  space  is  filled,  the  valve  in  the  fixed  bottom 
closes  by  its  own  spring,  and  the  admitted  water  is  thus  separated  from  all 
other  during  the  drawing  up.  But  if  this  water  contain  compressed  air, 
nothing  can  counteract  its  expansive  tendency,  or  that  of  the  air  it  contains, 
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when  it  is  brought  to  the  surface,  where  the  pressure  of  water  externally 
is  removed ;  it  will  then  either  escape  or  hurst  the  apparatus.  To  guard 
against  this,  a  free  issue  must  he  provided  for  all  possible  expansion 
either  of  the  water  or  air.  For  this  purpose  the  fixed  bottom  is  furnished 
with  a  lateral  tube  which  leads  to  a  gas-bladder :  the  latter  having  been 
first  filled  with  water,  then  emptied  and  pressed  together  before  the  sink- 
ing of  the  apparatus.  This  bladder  will  receive  all  the  air  which  may  be 
disengaged  from  the  water  on  approaching  the  surface ;  and,  if  any  be  so 
disengaged,  will  return  more  or  less  inflated.  Then  by  closing  the  stop- 
cocks with  which  the  tube  is  provided,  the  bladder  may  be  separated  from 
the  vessel  containing  the  water,  its  volume  measured,  and  the  enclosed 
air  analyzed  ;  after  this,  the  air  which  may  still  remain  in  the  water  may 
be  examined,  and  also  all  the  substances  Avhich  the  water  may  hold  in 
solution.  Such  is  the  apparatus  which  has  been  intrusted  to  the  com- 
mander of  the  Bonite  ;  and  the  zeal,  as  well  as  the  intelligence,  of  that 
ofiicer,  affords  us  the  assurance,  that,  under  his  directions,  it  will  be 
usefully  employed  to  solve  the  various  questions  indicated  above,  relating 
to  terrestrial  physics  ;  questions  which,  besides  their  purely  scientific 
interest,  have  an  additional  importance  attached  to  them,  by  the  know- 
ledge which  their  solution  would  supply  respecting  the  permanence  or 
variability  of  our  atmosphere,  and  the  conditions  of  existence  of  the 
animated  beings  which  exist  in  the  depths  of  the  sea. 

MARINE  CURRENTS. 

The  Atlantic  and  Pacific  Oceans,  and  the  Mediterranean  Sea,  are 
traversed  by  numerous  currents,  which  are  the  more  dangerous,  as  they 
carry  vessels  out  of  their  proper  course,  without  the  pilot  suspecting  it ; 
in  cloudy  weather,  particularly,  he  has  no  means  of  ascertaining  their 
influence.  Among  the  phenomena  of  the  sea,  and  considered  in  their 
twofold  connexion  Avith  theory  and  practice,  there  are  certainly  none  more 
deserving  than  these  of  a  high  degree  of  attention  by  navigators  of  every 
country.  The  numerous  memoirs  and  works  specially  appropriated  to 
the  subject,  such  as  those  of  Ducoudray,  Romme,  and  even  the  posthu- 
mous and  scientific  treatise  of  Major  Rennell,  which  has  recently  appeared, 
are  very  far,  in  my  opinion,  from  having  exhausted  the  subject.  Of  this 
the  reader  will,  finally,  be  able  to  judge. 

On  the  cause  of  Currents. — The  most  remarkable  currents  ob- 
served by  navigators  are,  in  the  Atlantic  : — 

The  current,  which,  having  gone  round  the  Bank  of  the  Agulhas  and 

the  Cape  of  Good  Hope,  proceeds  from  south  to  north  along  the 

western  side  of  Africa,  as  far  as  the  Gulf  of  Guinea. 
The  current,  termed  equinoctial,  which  runs  invariably  from  east  to 

west  on  both  sides  of  the  equator,  between  Africa  and  America. 
The  current  which,  after  having  issued  from  the  Gulf  of  Mexico  by 

the  Straits  of  Bahama,  runs  at  a  certain  distance  from  the  coasts 

of  the  United  States  in  the  direction  of  N.E.  as  far  as  the  Bank 

of  Nantucket,  where  its  direction  is  changed. 
Lastly,  the    current,  by  the    action   of   which    the  waters    of  the 

Ocean  which   wash  the  coasts  of  Spain,  Portugal,  and  Africa, 
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from  Cape  Finisterre  as  far  as  the  parallel  of  the  Canaries,  are  all 
directed  towards  the  Straits  of  Gibraltar. 

What  is  the  cause  of  these  currents  ? 

The  trade-winds,  according  to  some,  by  continually  blowing  from 
east  to  west  in  the  Indian  Ocean,  must  produce  a  liqitid  intumescence  on 
the  eastern  coast  of  Africa  near  the  equator.  This  accumulated  water 
flows  continually  from  north  to  south  through  the  Straits  of  Mosambique. 
When  it  reaches  the  parallel  of  the  Cape  of  Good  Hope,  the  eastern  wall 
or  mound  which  had  hitherto  maintained  it  being  discontinued,  the 
water  necessarily  flows  westward.  It  is  thus  that  it  forms  the  current  of 
the  Agulhas. 

The  equinoctial  current  of  the  Atlantic  is  attributed  to  the  constant 
impulsion  of  the  trade-wind  on  the  waters  in  the  vicinity,  and  to  the 
north  and  south,  of  the  equator. 

The  Atlantic  equinoctial  current,  in  this  respect  resembling  the 
equatorial  current  of  the  Indian  Ocean,  must  produce  a  great  accumulation 
of  water  along  the  first  coast  which  presents  itself  as  a  barrier ;  this 
coast  is  America.  Hence  results  a  general  movement  of  the  Caribbean 
sea  towards  the  strait  which  separates'  the  eastern  point  of  Yucatan  from 
the  western  point  of  Cuba;  this  produces  an  elevation  of  the  level  of 
the  sea  in  the  Gulf  of  Mexico ;  and  this  elevation,  finally,  is  the  cause 
of  the  rapid  formed  by  the  accumulated  Avater  in  the  Gulf,  at  its  escape 
from  the  Strait  of  Bahama,  the  prolongation  of  which  becomes  the  Gulf- 
stream. 

With  respect  to  the  current  in  the  Straits  of  Gibraltar,  it  might  be 
caused  by  a  depression  of  the  level  of  the  Mediterranean,  and  this  de- 
pression might  be  occasioned  by  an  excessive  evaporation,  which  the  influx 
of  the  tributary  rivers  is  insufficient  to  compensate. 

These  explanations  are  simple ;  they  appear  to  rest  on  physical 
causes  the  action  of  which  must  take  place  in  the  direction  that  is 
assumed ;  and  the  most  intelligent  observers,  Franklin,  Rennell,  &c., 
have  adopted  them  ;  yet,  I  am  about  to  prove  that  they  are  not  so  com- 
pletely established  by  observation,  measurement,  and  exj)eriment,  as  to 
prevent  us  from  entertaining  legitimate  doubts  on  the  subject. 

A  continued  and  strong  wind  raises  the  level  of  the  sea  along  the 
coast  towards  which  it  tends  to  direct  the  water ;  thus,  at  Brest,  Lorient, 
Rochefort,  &c,,  the  tide  is  always  highest,  all  other  circumstances  being 
equal,  during  a  west  wind.  So  on  the  ojiposite  shores  of  the  Atlantic, 
and  along  the  coasts  of  the  United  States,  it  is,  on  the  contrary,  the 
east  wind  which  produces  this  effect.  So  it  is  by  south  winds  that  the 
waters  of  the  Mediterranean  are  accvimulated  in  the  ports  of  Genoa, 
Toulon,  and  Marseilles,  and  by  north  winds  in  those  of  Algiers,  Bugia, 
and  Tunis.  These  facts  are  not  disputed,  nor  do  they  admit  of  being 
called  in  question.  It  only  remains  to  determine  the  value  of  the  acci- 
dental changes  of  level  which  winds  may  produce. 

Franklin  relates  that,  in  an  extensive  piece  of  water  three  leagues 
broad,  and  about  three  English  feet  in  depth,  a  strong  wind  caused  the 
whole  of  one  of  the  sides  to  become  dry,  while  it  raised  the  water  on  the 
opposite  side  three  feet  above  •  its  former  level,  the  depth  there  being  six 
feet  instead  of  three.     In  our  own  seas,  I  do  not  think  that  in  general, 
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a  higher  number  than  this  should  be  stated  as  the  maximum  effect  pro- 
duced by  the  most  violent  tempests*. 

The  Trade-winds  are  certainly  constant,  but  their  strength  is  ex- 
tremely moderate.  The  depressions  of  the  sea-surface  which  they  occa- 
sion must,  therefore,  be  inconsiderable.  It  seems  difficult  to  admit,  that 
the  vertical  fall  of  a  yard,  for  example,  or  even  two  yards,  can  produce 
currents  which  are  not  entirely  annihilated  after  a  passage  of  many 
hundreds  of  leagues. 

I  have  stated  that  the  trade-winds,  on  account  of  their  feeble  in- 
tensity, seem  little  likely  to  produce  any  considerable  intumescence  in 
the  waters  of  the  ocean.  I  shall  even  go  further,  and  prove,  that,  in 
point  of  fact,  the  very  seas  from  which  currents  appear  to  emanate,  are 
exactly,  or  very  nearly,  of  the  same  level  as  those  Avhich  these  currents 
afterwards  traverse. 

It  has  been  indisputably  proved  by  M.  Lepere,  by  observations  made 
during  the  Egyptian  expedition,  that  the  level  of  the  Mediterranean  near 
Alexandria,  is  lower  by  26*5  feet  than  the  low  water  level  of  the  Red 
Sea  near  Suez,  and  by  32'5  feet  than  the  high  water  level  at  the  same 
place. 

This  is  certainly  a  very  great  difference  of  level  between  two  seas 
which  may  be  considered  as  communicating  with  each  other ;  for,  on  the 
one  hand,  the  Mediterranean  opens  into  the  Atlantic  by  the  Straits  of 
Gibraltar ;  on  the  other,  the  Red  Sea  joins  the  Indian  Ocean  by  the 
Straits  of  Bab-el-mandel ;  and,  thirdly,  the  Atlantic  and  Indian  Ocean 
blend  with  each  other  at  the  Cape  of  Good  Hope.  It  is  very  far  from 
my  intention  to  depreciate  what  is  curious  or  interesting  in  such  a  result 
as  this  ;  but  I  must  be  allowed  to  say,  that  it  throws  no  light  on  the 
disputed  question  of  currents,  for,  to  render  the  explanation  admissible, 
there  oxight  to  be  a  sensible  difference  between  the  level  of  two  conti- 
guous seas,  between  that  from  which  the  current  issues,  and  that  into 
which  it  flows. 

Further,  has  a  difference  of  level  been  clearly  proved  to  exist  be- 
tween the  Gulf  of  Mexico  in  Avhich  the  Gulf-stream  originates,  and 
that  part  of  the  Atlantic  Ocean  which  washes  the  eastern  side  of  the 
Floridas  and  Georgia  ? 

The  inhabitants  of  the  Isthmus  of  Panama  believe,  but  Avithout 
proof,  that  the  Pacific  is  higher  than  the  Atlantic  Ocean.  Franklin, 
Rennell,  &c.  likewise  admit  a  difference  of  elevation,  but  of  an  opposite 
nature.  M.  von  Humboldt  confirmed  this  latter  opinion  by  barometrical 
observations  made  at  Cumana,  Carthagena,  and  Vera  Cruz,  compared 
with  others  made  at  Acapulco  and  Callao.  At  the  three  places  first 
mentioned,  the  Avaters  appeared  to  him  to  be  about  ten  feet  above  the 
level  of  the  Pacific,  as  taken  on  the  AA-estern  shores  of  Mexico  and  Peru. 
NoAA',  as  no  one  doubts  that  the  general  mass  of  the  Pacific  and  Atlantic 
Oceans  has  the  same  level,  that  portion  of  the  latter  near  the  Antilles, 
and  that  Avhich  is  enclosed  in  the  Gulf  of  Mexico  Avill  thus  form  a  local 
elevation  or  intumescence  of  about  ten  feet. 

*  Places  are  mentioued  in  the  Medi-  i  raised  the  Avaters  twenty-three  feet  above 
terranean,  where  gusts  of  wind  from  the  i  their  ordinary  leA'el ;  but  these  effects  are 
south-west    (called     Labeschades)    have-|  entirely  local. 
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Before  citing  a  work  which  does  not  confirm  this  result,  I  ought  to 
mention  that  my  illustrious  friend  has  himself  remarked,  with  his  usual 
caution,  that  his  observations  were  not  sufficiently  numerous  to  place  the 
fact  of  so  small  a  difference  of  level  beyond  doubt. 

Two  engineers  have  lately  crossed  America  at  its  narrowest  part,  in 
order  to  settle  definitively  the  relative  elevation  of  the  two  oceans.  We 
may  add  that  their  object  was  not  purely  of  a  scientific  nature,  but  had  a 
direct  reference  to  one  of  the  grandest  problems  which  commerce  ever 
proposed, — the  possibility  of  a  communication  between  the  Atlantic  and 
the  Pacific,  across  the  Isthmus  of  Panama.  Such  was  the  object  of  the 
investigation,  the  results  of  which  I  am  about  to  state,  and  which  was 
intrusted  by  General  Bolivar  to  Mr.  Lloyd,  an  English  engineer,  and  to 
a  Swedish  captain,  named  Falmarc. 

This  survey  was  made  in  1828  and  1829.  The  level  used  was  con- 
structed by  Carey,  of  London.  The  line  commenced  at  Panama,  on  the 
Pacific  Ocean,  at  the  level  of  the  highest  tides  of  the  equinox,  corre- 
sponding to  the  third  day  of  the  full  ot  of  the  new  moon.  Its  termina- 
tion was  at  a  place  named  Bruja,  to  wMich  the  influence  of  the  tide 
extends.  Bruja  is  on  the  river  Chagres,  about  twelve  miles  from  the 
place  where  that  river  enters  the  sea  of  the  Antilles. 

At  Panama,  the  mean  difi'erence  of  the  levels  of  high  and  low  water, 
during  spring  tides,  is  21-2  feet.  At  Chagres,  on  the  Atlantic,  this 
difference  does  not  exceed  I'l  foot. 

By  assuming,  in  each  place,  for  the  mean  level  of  the  ocean,  a  sur- 
face equally  remote  from  the  successive  levels  of  high  and  low  water,  it 
follows,  from  the  survey  of  Messrs  Lloyd  and  Falmarc : 

1*/.  That  the  mean  level  of  the  Pacific  Ocean,  at  Panama,  is  3*52 
feet  higher  than  the  mean  level  of  the  Atlantic  Ocean  at  Chagres. 

2nd.  That  at  the  instant  of  high  water,  the  Ocean  on  the  western 
coast  of  the  Isthmus,  is  13'55  feet  higher  than  on  the  eastern  coast. 

3rd.  That,  on  the  contrary,  at  the  instant  of  low  water  on  the  same 
coasts,  the  Pacific  Ocean  is  lower  than  the  Atlantic. 

These  observations,  seem,  then,  to  confirm  the  opinion  long  since 
adopted,  that  the  mean  level  of  the  Pacific  is  more  elevated  than  the 
mean  level  of  the  Atlantic ;  but  the  difference,  instead  of  being  enorm- 
ous, as  Avas  supposed,  is  only  3*52  feet.  It  may  even  be  permitted  to 
suppose,  without  injustice  to  the  merits  of  Messrs.  Lloyd  and  Palmare, 
that,  in  carrying  their  operations  through  a  wild  country  abounding  with 
difficulties,  in  running  a  line,  whose  total  extent,  including  sinuosities, 
is  eighty-two  miles,  and  that,  in  observing  at  935  stations,  they  may  have 
erred  to  the  small  extent  of  a  yard  and  a  half.  It  would  then  follow, 
that  there  is  nothing  to  prove  that  there  is  any  sensible  difference  be- 
tween the  mean  levels  of  the  two  great  seas  which  communicate  with  each 
other  by  the  Straits  of  Magellan  and  Cape  Horn*. 

The  labours  of  Messrs  Lloyd  and  Palmare,  so  far  at  least  as  they 


•  If,  after  the  scientific  memoirs  of  M. 
von  Humboldt,  it  is  still  necessary  to  re- 
turn to  the  truly  astonishing  depression 
that  the  Cordilleras  of  South  America  pre- 
sent in  the  Isthmus  of  Panama,  before 


they  again  assume  their  full  majesty  in 
Mexico,  I  would  remark,  that  the  most 
elevated  point  of  the  transverse  line  sur- 
veyed by  Messrs.  Lloyd  and  Falmarc,  is 
only  633  feet  above  the  level  of  the  sea. 
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apply  to  the  explanation  of  the  rapid  current  which  precipitates  itself 
from  the  Gulf  of  Mexico  into  the  Ocean  by  the  Straits  of  Bahama,  would 
prove,  hypothetically,  that  the  Pacific  and  Atlantic  Oceans,  viewed  as  a 
whole,  form  a  surface  of  the  same  level.  "VVe  shall  escape  from  this 
difficulty  by  relating  the  results  of  some  observations  made  in  Florida  a 
few  years  since,  by  the  French  officers  appointed  by  the  American  Con- 
gress, to  survey  the  line  of  a  canal  designed  to  unite  the  river  St.  Marie, 
on  the  Atlantic,  with  the  bay  of  Appalacliicola,  on  the  Gulf  of  Mexico. 

According  to  the  first  result  of  the  measurements,  loiv  water  in  the 
Gulf  of  Mexico  would  be  higher  than  the  low  water  of  the  Atlantic, 
by  3*73  feet.  A  second  result  gave  a  diffijrence  of  the  same  nature  be- 
tween the  two  low  waters,  of  2*8  feet.     The  mean  is  3*28  feet. 

But  even  this  slight  inequality  of  level  is  greater  than  the  real  one. 
In  fact,  when  we  compare  two  seas  subject  to  tides,  it  is  evidently  the 
mean  levels,  that  is  to  say,  the  surfaces,  equally  remote  from  high  and 
low  water,  that  ought  to  be  compared.  In  this  instance,  although  I 
can  perceive  no  reason  for  it,  the  comparison  was  made  between  two  low 
waters.  In  order  to  state  the  matter  accurately,'  therefore,  it  is  necessary 
to  elevate  the  surface  taken  for  comparison  in  the  Gulf  of  Mexico  to 
half  the  height  of  the  tide  observed  in  that  gulf.  The  same  thing  must 
be  done  in  regard  to  the  eastern  or  Atlantic  side  of  the  Floridas.  In  the 
gulf,  near  the  point  where  the  level  was  terminated,  the  tide  does  not  rise 
more  than  about  ten  inches.  On  the  other  side  of  the  Floridas,  near  the 
mouth  of  the  river  St.  Marie,  the  tide  is  about  QbQ  feet.  Low  water, 
therefore,  is  2*63  feet  more  removed  from  the  mean  tide  at  St.  Marie  than 
in  the  gulf.  If,  then,  the  mean  levels  are  referred  to,  as  must  be  done 
to  obtain  the  real  result,  instead  of  3'28  feet,  it  will  be  found  that  the 
difference  of  the  level  of  the  two  seas  is  3*28  minus  2*63  feet,  that  is  to 
say,  0'65  feet,  or  about  eight  inches. 

This  quantity  is  evidently  within  the  limits  of  error,  which  observa- 
tions embracing  the  whole  breadth  of  the  Floridas  must  be  liable  to.  But 
even  though  the  difference  alleged  were  real,  it  may  be  doubted  whether 
any  one  would  now  be  inclined  to  regard  an  inequality  so  unimportant 
as  a  sufficient  explanation  of  the  cause  of  a  current  which,  issuing  from 
the  Straits  of  Bahama,  at  a  rate  of  not  less  than  five  miles  an  hour,  con 
tinues  its  progress  nearly  in  a  straight  line  into  the  very  middle  of  the 
Atlantic,  to  a  distance  of  about  1200  miles,  without  its  rapidity  abating 
during  so  long  a  course. 

Let  us  now  consider  the  Mediterranean.  In  this  sea  the  alleged 
lowTiCSs  of  the  level, — the  presumed  cause  of  the  current  flowing  from 
the  Ocean  towards  the  Straits  of  Gibraltar,  is  said  to  be  the  result  of  an 
enormous  annual  evaporation,  which  the  mass  of  waters  contributed  by 
the  Nile,  the  Ehone,  the  Po,  &c.  is  insufficient  to  compensate.  Direct  and 
demonstrative  proofs  of  this  want  of  compensation  are,  it  is  true,  com- 
pletely wanting.  But  if  this  objection  be  advanced,  a  new  form  is  immedi- 
ately given  to  the  argument,  and  then  it  is  said  (which  is  in  reality  the 
case),  that  in  summer,  at  equal  latitudes,  the  waters  of  the  Mediterranean 
are  about  5|°  to  6|°  Fahr.  warmer  than  those  of  the  Ocean,  from  which 
it  inevitably  follows  that  the  first  undergo  more  evaporation  than  the 
others,  and  that  nothing  more  is  required  to  explain  the  current  of  the 
Strait. 
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And  this,  it  mu&t  be  confessed,  would  be  sufficient,  if  the  cause 
indicated  were  to  produce  a  very  sensible  difference  of  level  in  the  two 
seas.  Thus,  whatever  may  have  been  said  of  it,  the  problem  will  be 
found  to  be  reduced  to  one  of  numbers,  or  to  a  question  of  fact.  It 
must  be  ascertained,  either  by  calculation  or  experiment,  to  what  extent 
the  Atlantic  Ocean  is  higher  than  the  Mediterranean.  The  calculation, 
I  have  already  stated,  will  be  difficult  to  be  made  with  precision,  owing 
to  the  want  of  sufficient  data.  With  regard  to  experiment,  the  results 
of  that  which  I  am  about  to  present,  seem  to  me  calculated  to  satisfy  the 
most  scrupulous  minds. 

Delanibre  had  already  found,  by  the  great  chain  of  triangles  on  the 
meridian  which  extends  through  France,  from  Dunkirk  to  Barcelona, 
the  means  of  directly  connecting  the  level  of  the  two  seas.  The  triangles 
comprehended  between  Rhodez  and  the  Mediterranean,  gave  him  for  the 
vertical  height  of  that  town,  a  result  which  agreed  to  a  fraction  of  a 
metre  Avith  the  height,  referred  to  the  Ocean,  that  was  obtained  from  that 
portion  of  the  chain  placed  between  Ehodez  and  Dunkirk. 

It  has  already  been  stated  in  opposition  to  this  result,  that  the 
observations  from  Avhich  it  was  deduced,  were  not  always  made  under 
favourable  circumstances  ;  that  they  should  have  been  many  times  re- 
peated, if  intended  to  be  decisive  of  a  difference  of  level ;  and  that, 
moreover,  the  necessary  calculations  had  neither  been  made  with  care, 
nor  by  methods  sufficiently  accurate.  These  objections  were  not  without 
weight :  and  for  this  reason  the  officers  of  the  corps  of  Ingctiieurs-geogra- 
phes  endeavoured  to  take  advantage  of  the  chains  of  the  primordial  triangles 
which  stretch  in  different  directions  and  cover  the  whole  surface  of 
France,  in  order  to  submit  the  question  of  the  levels  of  the  two  seas  to 
a  new  examination.  31.  Delcros,  among  others,  devoted  himself  to  the 
subject.  He  made  extensive  investigations,  but  which,  however,  are 
still  in  MS.,  and  I  have  therefore  to  regret  that  I  am  unable  to  state  the 
results  in  this  paper.  But  the  observations  Avhich  M.  Coraboeuf  has 
presented  to  the  Academy  of  Sciences,  are  also  as  directly  to  the  point  as 
could  be  desired,  and  were  conducted  with  a  precision  which  it  Avould 
appear  difficult  to  exceed. 

This  operation,  carried  on  along  the  southern  frontier  of  France, 
during  the  years  1825,  1826,  and  1827,  embraced,  in  the  line  of  the 
shortest  distance,  the  whole  of  the  interval  lying  between  the  Ocean  and 
the  Mediterranean.  Forty-five  primordial  triangles,  many  of  which 
have  their  vertices  on  the  highest  peaks  of  the  Pyrenees,  join  the  fort  of 
Socoa,  near  St.  Jean  de  Luz,  to  several  points  of  the  plain  of  Perpignan, 
the  small  elevation  of  which  above  the  sea  was  obtained  by  two  secondary 
triangles.  All  the  angles  were  measured  by  M.  Gambey's  repeating- 
circle,  and  were  repeated  three  times  at  the  least.  The  same  was  the 
case  with  the  zenith  distances.  Care  was  taken,  also,  to  make  the  obser- 
vations between  10  a.m.,  and  3  or  4  p.  M,,  only,  in  order  to  avoid  the 
effects  of  irregular  refraction,  which  takes  place  near  the  horizon  some 
hours  after  sun-rising,  and  before  his  setting.  The  amount  of  atmo- 
spheric refraction,  between  each  couple  of  stations,  was  deduced  from  a 
comparison  of  reciprocal  zenith  distances.  As  assistants  in  these 
important  operations,  ]\r.  Coraboeuf  had  Captain  Peytier  and  Lieutenants 
Hossard  and  Testu  of  the  corps  of  Ingcnieiirs-geographes. 
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The  station  at  Crabere  is  nearly  In  the  middle  of  the  Interval  which 
separates  the  Ocean  from  the  Mediterranean.  The  eastern  part  of  the 
chain  of  triangles  served  to  determine  its  height  ahove  the  Mediterranean; 
the  other  part  gave  the  height  ahove  the  Ocean.  It  is  Important  to 
remark,  that  the  calculations  could  have  been  made  by  a  variety  of  distinct 
combinations,  among  which  M.  Coraboeuf  made  choice  of  three.  He 
ascended,  in  the  first  place,  from  the  Ocean  and  the  Mediterranean  to 
Crabere,  following  the  single  series  of  vertices  which  bounded  the  chain 
on  the  south  ;  then,  secondly,  by  taking  exclusively  the  northern  vertices ; 
then,  thirdly  and  fourthly,  by  travelling  diagonally,  that  is  to  say,  by  visiting 
alternately  a  northern  vertex  and  a  southern  one.  The  following  is  the 
result  of  these  various  combinations  : — 


Height  of  Crabere.                      1 

Above  the 
Meditenaucan 

Above  the 
Ocean. 

Diff. 

By  the  line  of  the  southern  vertices      .     . 
By  the  line  of  the  northern  vertices       .     . 

By  the  first  diagonal  line 

By  the  second  diagonal  line     .     .         .     . 

2633™,  37 
2633   ,  99 
2633   ,  87 
2632   ,  79 

2632™,  95      0™,  42 

2632  ,07      1    ,  92 

2633  ,61      0    ,  26 
2632   ,49      0   ,  30 

Means 

2633   ,  50 

2632   ,  77  1  0    ,73 

The  mean  difference,  0'",73  (2*4  Eng.  ft.),  is  so  small,  particularly 
when  we  recollect  the  extent  of  the  line  which  was  levelled,  that  it  cannot 
prevent  the  conclusion  that.  In  a  state  of  repose,  the  waters  of  the  Ocean, 
and  those  of  the  Mediterranean,  have  a  surface  of  the  same  level.  At 
all  events,  there  can  be  scarcely  a  doubt,  that  If  any  difference  in  this 
respect  does  exist.  It  Is  too  small  to  be  appreciated. 

In  this  article  I  wish  merely  to  prove  that  the  subject  of  currents 
Is  far  from  being  exhausted ;  that  differences  of  level,  to  which  hydro- 
graphers  have  recourse  for  an  explanation  of  them,  are  either  completely 
nugatory,  or  Insignificant;  and  that  there  Is  still  room  for  ample  inves- 
tigation. This  object  I  conceive  I  have  attained.  I  shall  still,  however, 
add  a  few  reflections. 

The  theory  of  currents  has  made  little  progress  hitherto,  because 
those  phenomena  have  chiefly  been  considered  which  affect  the  surface 
of  the  sea.  Currents  produced  by  differences  of  saltness  and  of  tem- 
perature exist  at  all  depths.  There  are  currents,  for  example,  in  contact 
with  the  very  bed  of  the  sea,  which  transport  the  cold  waters  of  the 
polar  zones  as  far  as  the  equator.  Near  the  poles  these  waters,  like  the 
solid  part  of  the  earth  that  supports  them,  move  at  a  very  slow  rate, 
from  west  to  east.  As  they  pass  by  degrees  to  temperate  and  warm 
regions,  they  arrive  at  greater  terrestrial  parallels,  Avhich  thenceforth 
move  quicker  than  they,  and  hence  the  relative  currents  which  run  from 
the  east  to  the  west,  and  of  which  the  volume  is  equal  to  that  of  the  polar 
currents. 

It  is,  if  I  am  not  deceived,  by  placing  them  in  this  point  of  view; 
by  descending,  in  imagination,  to  the  profoundest  depths  of  the  ocean ; 
and  by  applying  to  the  sea  the  theory  which  has  already  given  a  satis- 
factory explanation    of   the  trade-winds,  that  we  shall  succeed  in  un- 
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ravelling  the  subject  under  consideration.  It  will  thus,  in  my  opinion,  be 
equally  possible  to  conceive  how  currents  of  very  inconsiderable  velocity 
cross  such  immense  extents  of  sea ;  how  they  are  inflected  and  reflected 
in  their  course,  by  the  coasts  of  continents  and  islands  while  yet  at  a 
distance;  and  how  they  deviate  when  they  approach  banks,  such  as  those 
of  the  Agulhas  or  Newfoundland,  on  which  there  is  not  less  than  fifty-five 
fathoms  of  water ! 

Sea  of  Weeds  (Varec). — Among  the  phenomena  of  the  ocean, 
which,  although  so  long  known  to  us,  may  yet  become  the  subject  of 
curious  investigation,  I  should  be  inclined  to  place  that  of  the  Weedy 
Sea,  or  the  Sea  of  Wrack. 

These  names  are  applied  to  a  portion  of  the  Atlantic  Ocean, 
situated  to  the  west  of  the  Azores.  It  is,  on  an  average,  from  forty 
to  fifty  leagues  in  width ;  its  extent  in  latitude  is  25° :  and  the 
space  which  it  occupies  is  nearly  equal  in  area  to  the  surface  of 
France*.  It  is  entirely  covered  with  plants  (Fiicus  natansj.  The 
Portuguese  call  it  Mar  de  Sargasso;  Oviedo,  Praderias  (Prairies)  de 
Yerva.  In  1492  the  companions  of  Christopher  Columbus  were  greatly 
alarmed  by  it, — they  conceived  that  they  had  reached  the  remotest  limits  of 
the  navigable  ocean,  and  expected  to  be  stopped  by  the  weed,  as  their 
fabulous  St.  Barandan  had  formerly  been  by  the  ice  of  the  polar  regions. 

By  examining  a  multitude  of  observations  on  the  subject,  deposited 
in  the  archives  of  the  English  Admiralty,  in  order  to  determine  the 
limits  of  the  Sea  of  Sargasso,  Major  Rennell  found  that  this  great  bank 
of  fucus  had  undergone  no  change  of  place  between  the  years  1776  and 
1819,  either  in  longitude  or  latitude.  This  remarkable  permanency  of 
position  M.  von  Humboldt  has  shown  to  have  existed  so  far  back  as  the 
end  of  the  fifteenth  century,  by  discussing  the  observations  of  Columbus. 

Three  diflPerent  explanations  have  been  advanced  to  account  for  the 
existence  of  Fuciis  nutans  in  this  sea.  Some  are  of  opinion  that  there 
are,  in  these  latitudes,  numerous  banks  at  the  bottom  of  the  ocean  on 
which  the  fuci  grow,  and  from  which  they  are  accidentally  detached ; 
others,  that  these  plants  vegetate,  and  develop  themselves  even  on  the 
surface  of  the  water ;  but  the  opinion  most  generally  received  is,  that 
the  Sea  of  "Weeds  is  merely  the  site  where  the  Gulf-stream  continually 
deposits  the  plants  with  which  it  is  loaded  on  issuing  from  the 
Gulf  of  Mexico. 

This  last-mentioned  hypothesis  has  been  adopted  by  Major  Rennell, 
although  it  is  very  far  from  explaining  why  a  great  proportion  of  the 
floating  weeds  in  the  Sea  of  Sargasso  are,  instead  of  being  faded  or 
decayed,  in  a  state  of  great  freshness.  Indeed,  English  navigators  never 
fail,  when  they  speak  of  these  regions,  to  mention  the  fresh  weed,  and 
the  weed  much  decayed.  Christopher  Columbus  himself,  as  M.  von 
Humboldt  has  remarked,  was  likeAvise  much  struck  with  the  mixture  of 
yerba  muy  vieja  y  otra  muy  fresca. 

The  floating  fuci  of  the  Sea  of  Sargasso  are  always  destitute  of 
roots  and  fruit.     If  we  suppose  them  to  be  developed  in  the  same  region 

•It  would  therefore  be  140  to  170  miles  from  east  to  west,  and  about  IJOO  miles 
from  north  to  south ;  an  area  of  about  264,000  square  miles. — Ed. 
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where  they  are  found,  we  must  consider  them  to  be,  as  M.  Meyen  has  done, 
similar  to  fresh-water  algae,  many  of  which  multiply  only  by  new  branches. 
It  will  likewise  remain  to  be  explained  by  what  means  it  is  that  the 
waters  over  such  a  great  extent  of  sea  escape  so  completely  from  the 
action  of  winds  and  currents,  that  centuries  have  not  been  sufficient  to 
disperse  the  plants  which  were  found  collected  there  at  the  end  of  the 
fifteenth  century,  when  the  galleys  of  Columbus  ploughed  through  them 
for  the  first  time. 

It  doubtless  appears  more  natural  to  suppose,  that,  in  proportion  as 
the  winds  and  currents  drive  the  floating  fuci  beyond  the  ordinary  limits 
of  the  Sea  of  Sargasso,  their  places  at  the  surface  are  occupied  by  others 
detached  from  the  bottom.  According  to  this  hypothesis  the  fuci  are 
stationary  in  appearance  only;  the  sea  would  always  appear  alike 
covered  over  the  region  which  produces  them,  yet  the  individuals  would 
be  continually  regenerated. 

What,  then,  is  necessary  at  the  present  time  to  throw  light  on  this 
curious  point  in  terrestrial  physics  ?  A  few  experiments,  which, 
though  extremely  simple,  are  still  wanting  to  science, — soundings, 
sufficiently  deep,  made  along  the  borders,  and  towards  the  centre,  of  the 
Sea  of  Sargasso. 

[To  be  concluded  in  our  next.] 
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This  University  is  at  length  constituted  by  Royal  Charter,  of  which 
the  following  is  a  verbatim  Copy: — 


William  the  Fourth,  by  the  grace  of  God, 
of  the  United  Kingdom  of  Great  Britain 
and  Ireland,  King,  Defender  of  the  Faith, 
to  all  to  whom  these  presents  shall  come, 
greeting  :  Whereas,  we  have  deemed  it  to 
be  the  duty  of  our  Royal  office,  for  the 
advancement  of  religion  and  morality,  and 
the  promotion  of  useful  knowledge,  to  hold 
forth  to  all  classes  and  denominations  of 
our  faithful  subjects,  without  any  distinc- 
tion whatsoever,  an  encouragement  for  pur- 
suing a  regular  and  liberal  course  of  edu- 
cation ;  and  considering  that  many  persons 
do  prosecute  or  complete  their  studies, 
both  in  the  metropolis  and  in  other  parts 
of  our  United  Kingdom,  to  whom  it  is  ex- 
pedient that  there  should  be  offered  such 
facilities,  and  on  whom  it  is  just  that  there 
should  be  conferred  such  distinctions  and 
rewards  as  may  incline  them  to  persevere 
in  these  their  laudable  pursuits  :  Now 
know  ye,  that  for  the  purpose  of  ascertain- 
ing, by  means  of  examination,  the  pei'sons 
who  have  acquired  proficiency  in  literature, 
science,  and  art,  by  the  pursuit  of  such 
course  of  education,  and  of  rewarding  them 
by  academical  degrees,  as  evidence  of  their 
respective  attainments,  and  marks  of  ho- 


nour proportioned  thereunto,  we  do,  by 
virtue  of  our  prerogative  Royal,  and  of  our 
especial  grace,  certain  knowledge,  and  mere 
motion,  by  these  presents,  for  us,  our  heirs, 
and  successors,  will  grant,  declare,  and 
constitute, — 

Our  right  trusty  and  well-beloved  cousin, 
William  Cavendish,  Earl  of  Burlington. 

The  Right  Rev.  Father  in  God,  Ed- 
ward, Lord  Bishop  of  Durham. 

The  Right  Rev.  Father  in  God,  William, 
Lord  Bishop  of  Chichester. 

Our  right  trusty  and  well-beloved  Coun- 
cillor, Henry  Baron  Brougham  and  Vaux, 
and 

Our  trusty  and  well-beloved  George 
Bidden  Airy,  Esq.,  our  Astronomer  Royal, 
and  Fellow  of  the  Royal  Society. 

Andrew  Amos,  Esq.,  Barrister-at-Law. 

Thomas  Arnold,  Doctor  in  Divinity. 

John  Austin,  Esq.,  Barrister-at-Law. 

Neil  Arnott,  Esq.,  Doctor  in  Medicine. 

John  Bacot,  Esq. 

Francis  Beaufort,  Esq.,  Captain  of  our 
Royal  Navy,  Hydrographer  of  the  Admi- 
ralty, and  Member  of  the  Naval  Society. 

Archibald  Billinjji  Esq.,  Doctor  in  Me- 
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dicine,  and  Fellow  of  the  Royal  College  of 
Physicians. 

William  Thomas  Brande,  Esq.,  Vice- 
President  of  the  Royal  Society. 

James  Clarke,  Esq.,  Doctor  in  Medi- 
cine, Fellow  of  the  College  of  Physicians, 
and  of  the  Royal  Society. 

Philip  Cecil  Crauipton,  Esq.,  Doctor  of 
Civil  Law,  Fellow  of  the  Royal  Society, 
and  our  Surgeon-General  in  Ireland. 

John  Dalton,  Esq.,  Doctor  of  Civil  Law, 
and  Fellow  of  the  Royal  Society. 
:>  William    Empson,    Esq.,    Barrister-at- 
Law,  Professor  of  General  Polity  and  the 
Laws  of  England  at  the  East  India  College. 

Michael  Faraday,  Esq.,  Doctor  of  Civil 
Law,  Fellow  of  the  Royal  Society. 

Sir  Stephen  Love  Hammick,  Bart.,  Doc- 
tor in  Medicine,  Follow  of  the  Royal  Col- 
lege of  Physicians,  and  of  the  Royal  Society. 

John  Stevens  Henslow,  Clerk,  Master 
of  Arts,  Professor  of  Botany  iu  the  Uni- 
versity of  Camhridge. 

Cornelius  Hewett,  Esq.,  Doctor  iu  Me- 
dicine, and  Downing  Professor  of  Medi- 
cine in  the  University  of  Cambridge. 

Thomas  Hodgkin,  Esq.,  Doctor  in  Me- 
dicine. 

Francis  Kieman,  Esq. 

John  George  Shaw  Lefevre,  Esq.,  Fel- 
low of  the  Royal  Society. 

John  William  Lubbock,  Esq.,  Vice-Pre- 
sident and  Treasurer  of  the  Royal  Society. 

Sir  James  M'Grigor,  Bart.,  Doctor  in 
Medicine,  Doctor  of  Civil  Law,  Fellow  of 
the  Royal  Society,  Fellow  of  the  College  of 
Physicians,  one  of  our  Physicians  Extraor- 
dinary, and  Director-General  of  the  Army 
Medical  Board. 

Richard  Rainy  Pennington,  Esq. 

Jones  Quain,  Esq.,  Doctor  in  Medicine. 

John  Rideout,  Esq. 

Peter  Mark  Roget,  Esq.,  Doctor  in  Me- 
dicine, Secretary  of  the  Royal  Society. 

Nassau  William  Senior,  Esq.,  one  of  the 
Masters  of  our  High  Court  of  Chancery, 
and  Fellow  of  the  Royal  Society. 

Joseph  Henry  Gerrard,  Doctor  of  Laws, 
Principal  of  the  Bristol  College. 

Richard  Sheepshanks,  Clerk,  Fellow  of 
the  Royal  Society. 

John  Sims,  Esq.,  Doctor  in  Medicine. 

Cornop  Thirlwall,  Clerk,  Fellow  of  Tri- 
nity College,  Cambridge. 

James  Walker,  Esq.,  Fellow  of  the 
Royal  Society,  and 

Henry  Warburton,  Esq.,  Member  of  the 
Commons'  House  of  Parliament,  and  Fel- 
low of  the  Royal  Society, — 
During  our  Royal  will  and  pleasure,  and 
all  persons  whom  we  niay  hereafter  appoint 
to  be  Chancellor,  Vice-Chancellor,  or  Fel- 
lows, as  hereinafter  mentioned,  one  body 
politic  and  corporate,  by  the  name  of  the 
University  of  London,  by  which  name  such 
body  politic  shall  have  perpetual  succession, 


and  shall  have  a  common  seal,  and  shall  by 
the  same  name  sue  and  be  sued,  implead 
and  be  impleaded,  and  answer  and  be  an- 
swered unto  in  every  Court  of  us,  our  heirs, 
and  successors.  And  we  do  hereby  will 
and  ordain,  that  by  the  same  name  they 
and  their  successors  shall  be  able  and  ca- 
pable in  law  to  take,  purchase,  and  hold  to 
them  and  their  successors  any  goods,  chat- 
tels, or  personal  property  whatsoever,  and 
shall  also  be  able  and  capable  in  law,  not- 
withstanding the  statutes  of  mortmain,  to 
take,  purchase,  and  hold  to  them  and  their 
successors,  not  only  all  such  lands,  build- 
ings, hereditaments,  and  possessions,  as  may 
bo  from  time  to  time  exclusively  used  and 
occupied  for  the  immediate  purposes  of  the 
said  University,  but  also  any  other  lands, 
buildings,  hereditaments,  and  possessions 
whatsoever,  situate  within  our  United 
Kingdom  of  Great  Britain  and  Ireland, 
not  exceeding  the  annual  value  of  10,000/.  ; 
such  annual  value  to  be  calculated  and 
ascertained  at  the  period  of  takinir,  pur- 
chasing, or  acquiring  the  same ;  and  that 
they  and  their  successors  shall  be  able  and 
capable  in  law  to  grant,  demise,  alien,  or 
otherwise  dispose  of,  all  or  any  of  the  pro- 
perty, real  'or  personal,  belonging  to  the 
said  University,  and  also  to  do  all  other 
matters  incidental  or  appertaining  to  a 
body  corporate.  And  we  do  hereby  further 
will  and  ordain  that  the  said  body  politic 
and  corporate  shall  consist  of  Chancellor, 
one  Vice-Chancellor,  and  such  number  of 
Fellows  or  Members  of  the  Senate  as  we 
shall  from  time  to  time  appoint  under  our 
sign  manual ;  and  that  our  right  trusty  and 
right  well-beloved  cousin  the  aforesaid 
William  Cavendish,  Earl  of  Burlington,  be 
the  first  Chancellor,  John  William  Lub- 
bock, Esq.,  the  Vice-Chancellor,  and  the 
aforesaid  Edward  Lord  Bishop  of  Durham, 
William  Lord  Bishop  of  Chichester,  Henry 
Baron  Brougham  and  Vaux,'  George  Biddell 
Airy,  Andrew  Amos,  Thomas  Arnold,  John 
Austin,  Neil  Arnott,  John  Bacon,  Francis 
Beaufort,  Archibald  Billing,  William  Tho- 
mas Brande,  James  Clarke,  Philip  Cecil 
Crampton,  John  Dalton,  William  Empson, 
Michael  Faraday,  Sir  Stephen  Love  Ham- 
mick, John  Stevens  Henslow,  Cornelius 
Hewett,  Thomas  Hodgkin,  Francis  Kiernan, 
John  George  Shaw  Lefevre,  John  William 
Lubbock,Sir  James  M'Grigor,  RichardRainy 
Pennington,  Jones  Quain,  John  Rideout, 
Peter  Mark  Roget,  Nassau  William  Senior, 
Joseph  Henry  Gerrard,  Richard  Sheep- 
shanks, John  Sims,  Cornop  Thirlwall, 
James  Walker,  and  Henry  Warburton,  be 
the  first  Fellows  and  Members  of  the  Senate 
thereof.  That  whenever  a  vacancy  shall 
occur  in  the  office  of  Chancellor  of  the  said 
University,  either  by  death,  resignation,  or 
otherwise,  we  will,  under  our  sign  manual, 
nominate  a  fit  and   proper   person  to  be 
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Chancellor  instead  of  the  Chancellor  occa- 
sioninsj  such  vacancy.  That  the  office  of 
Vice-Chancellor  of  the  said  University  shall 
be  an  annual  office ;  and  the  Vice-Chan- 
cellor hereinbefore  named  shall,  at  the  ex- 
piration of  one  year  from  the  1st  of  July, 
1837,  go  out  of  office,  and  the  said  Fellows 
or  Members  of  the  Senate  shall,  at  the 
nieetinj^  to  be  holdeu  by  them  for  that  pur- 
pose, on  some  day  within  a  month  before 
the  expiration  of  the  tenure  of  the  said 
office,  of  which  due  notice  shall  be  given, 
elect  one  other  fit  and  proper  person  to  be 
the  Vice-Chancellor  of  the  said  University, 
and  so  from  time  to  time  annually ;  or,  in 
case  of  the  death,  resignation,  or  other 
avoidance  of  such  Vice-Chancellor,  before 
the  expiration  of  his  year  of  office,  shall,  at 
a  meeting  to  be  holden  by  them  for  that 
purpose  as  soon  as  conveniently  may  be,  of 
which  due  notice  shall  be  given,  elect  some 
other  fit  and  proper  person  to  be  Vice- 
Chancellor  for  the  remainder  of  the  year 
in  which  such  death,  resignation,  or  other 
avoidance  shall  happen;  such  person  to  be 
chosen  from  among  themselves  by  the  ma- 
jor part  of  the  Fellows  present  at  such 
meeting,  and  to  be  approved  of  by  the 
Chancellor  of  the  said  University  for  the 
time  being. 

That  we  reserve  to  ourselves  to  be  the 
^^sitor  of  the  said  University  of  London, 
with  authority  to  do  all  things  which  pertain 
to  visitors,  as  often  as  to  us  shall  seem 
meet. 

That  the  Chancellor,  Vice-Chancellor, 
►  and  Fellows,  for  the  time  being,  shall  have 
Ithe  entire  management  of,  and  superin- 
[tendence  over,  the  affairs,  concerns,  and 
[property  of  the  said  University;  and  in  all 
cases  unprovided  for  by  this  our  charter, 
it  shall  be  lawful  for  the  Chancellor,  Vice- 
Chancellor,  and  Fellows,  to  act  in  such 
manner  as  shall  appear  to  them  best  cal- 
culated to  promote  the  purposes  intended 
by  the  said  University ;  and  the  said  Chan- 
cellor, Vice-Chancellor,  and  Fellows,  shall 
have  full  power  from  time  to  time  to  make, 
and  also  to  alter  any  by-laws  and  regula- 
tions (so  as  the  same  be  not  repugnant  to 
the  laws  of  our  realm,  or  to  the  general 
objects  and  provisions  of  this  our  charter) 
touching  the  examinations  for  degrees, 
and  the  granting  of  the  same,  and  touch- 
ing the  mode  and  time  of  convening  the 
meetings  of  the  Chancellor,  Vice-Chan- 
cellor, and  Fellows,  and  in  general  touch- 
ing all  other  matters  whatsoever  regarding 
the  said  University ;  and  all  such  by-laws 
and  regulations,  when  reduced  into  writ- 
ing, and  after  the  common  seal  of  the  said 
University  shall  have  been  affixed  thereto, 
shall  be  bindmg  upon  all  persons  members 
thereof,  and  all  candidates  for  degrees  to 
be  conferred  by  the  same  ;  all  such  by-laws 
and  regulations  having  been  first  submitted 
Vol.  II. 


to  one  of  our  principal  Secretaries  of  State, 
and  approved  of  and  countersigned  by  him. 
That  all  questions  which  shall  come 
before  the  Chancellor,  Vice-Chancellor,  and 
Fellows,  shall  be  decided  by  a  majority  of 
the  members  present ;  and  the  chairman 
at  any  such  meeting  shall  have  a  vote,  and 
in  case  of  an  equality  of  votes,  a  second  or 
castmg  vote. 

That  no  question  shall  be  decided  at  any 
meeting  unless  the  Chancellor,  or  Vice- 
Chancellor,  and  five  Fellows,  or,  in  the  ab- 
sence of  the  Chancellor  and  Vice-Chan- 
cellor, unless  six  Fellows  at  the  least,  shall 
be  present  at  the  time  of  such  decision. 

That  at  every  meeting  of  the  Chancellor, 
Vice-Chancellor,  and  Fellows,  the  Chan- 
cellor, or  in  his  absence  the  Vice-Chancellor, 
shall  preside  as  chairman,  or  in  tlie  absence 
of  both,  a  chairman  shall  be  chosen  by  the 
members  present,  or  the  major  part  of 
them. 

That  the  said  Chancellor,  Vice-Chan- 
cellor, and  Follows,  for  the  time  being,  shall 
have  full  power  from  time  to  time  to  ap- 
point, and,  as  they  shall  see  occasion,  to 
remove  all  examiners,  officers,  and  servants 
of  the  said  University. 

That  once,  at  least,  in  every  year,  the 
said  Chancellor,  Vice-Chancellor,  and  Fel- 
lows, shall  cause  to  be  held  an  examination 
of  candidates  for  degrees ;  and  on  every 
such  examination  the  candidates  shall  be 
examined  either  by  examiners  appointed  for 
the  purpose  from  among  the  Fellows  by  the 
said  Chancellor,  Vice-Chancellor,  and  Fel- 
lows, or  by  other  examiners  so  to  be  ap- 
pointed ;  and  that  on  every  such  examina- 
tion the  candidates  shall  be  examined  in  as 
many  branches  of  general  knowledge  as  the 
said  Chancellor,  Vice-Chancellor,  and  Fel- 
lows, shall  consider  the  most  fitting  subjects 
of  such  examination.  And  whereas  it  is  expe- 
dient to  extend  the  benefits  of  colleges  and 
establishments  already  instituted,  or  which 
may  be  hereafter  instituted,  for  the  promo- 
tion of  literature,  science,  and  art,  whether 
incorporated  or  not  incorporated,  by  con- 
necting them  for  such  purposes  with  the 
University  created  by  this  our  Royal  char- 
ter— We  do  hereby  further  will  and  ordain, 
that  all  persons  shall  be  admitted  as  can- 
didates for  the  respective  degrees  of  Bache- 
lor of  Arts,  Master  of  Arts,  Bachelor  of 
Laws,  or  Doctor  of  Laws,  to  be  conferred 
by  the  said  University  of  London,  on  pre- 
senting to  the  said  Chancellor,  Vice-Chan- 
cellor, and  Fellows,  a  certificate  from  any 
of  the  institutions  hereinafter  mentioned,  to 
the  effect  that  such  candidate  has  completed 
the  course  of  instruction  which  the  said 
Chancellor,  Vice-Chancellor,  and  Fellows, 
by  regulation  in  that  behalf  shall  determine. 

That  such  certificates  as  aforesaid  may 
be  granted  from  our  college  called 
University  College,   or  from  our  College 
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called  King's  College,  both  situate  in 
London,  or  from  such  other  institution, 
corporate  or  unincorporate,  as  now  is,  or 
hereafter  shall  be,  established  for  the  pur- 
poses of  education,  whether  in  the  metropo- 
lis or  elsewhere  withm  our  United  Kingdom, 
and  as  we,  under  our  sign  manual,  shall 
hereafter  authorize  to  issue  such  certificates. 

And  for  the  purpose  of  granting  the  de- 
grees of  Bachelor  of  Medicine,  and  Doc- 
tor of  Medicine,  and  for  the  improvement 
of  medical  education  in  all  its  branches, 
as  well  in  medicine  as  in  surgery,  mid- 
wifery, and  pharmacy — We  do  further 
hereby  will  and  ordain  that  the  said  Chan- 
cellor, Vice-Chancellor,  and  Fellows,  shall 
from  time  to  time  report  to  one  of  our  prin- 
cipal Secretaries  of  State,  what  appear  to 
them  to  be  the  medical  institutions  and 
schools,  whether  corporate  or  unincorpo- 
rated, in  this  our  metropolis,  or  in  other 
parts  of  our  United  Kingdom,  from  which 
either  singly  or  jointly  with  other  medical 
institutions  and  schools  in  the  country  or  in 
foreign  parts,  it  may  be  tit  and  expedient  in 
the  judgment  of  the  said  Chancellor,  Vice- 
Chancellor,  and  Fellows,  to  admit  candi- 
dates for  medical  degrees,  and  on  approval 
of  such  report  by  our  said  Secretary  of  State, 
shall  admit  all  persons  as  candidates  for  the 
respective  degrees  of  Bachelor  of  Medicine 
and  Doctor  of  Medicine,  to  be  conferred  by 
the  said  University,  on  presenting  to  the 
said  Chancellor,  Vice-Chancellor,  and  Fel- 
lows, a  certificate  from  any  such  institution 
or  school,  to  the  effect  that  such  candidate 
has  completed  the  course  of  instruction 
which  the  said  Chancellor,  Vice-Chancellor, 
and  Fellows,  from  time  to  time,  and  with  the 
approval  of  one  of  our  principal  Secretaries 
of  State,  to  vary,  alter,  and  amend  any  such 
reports,  by  striking  out  any  of  the  said  in- 
stitutions or  schools  included  therein,  or  by 
adding  others  thereunto. 

That  the  said  Chancellor,  Vice-Chan- 
cellor, and  Fellows,  shall  have  power,  after 
examination,  to  confer  the  several  degrees 
of  Bachelor  of  Arts,  Master  of  Arts,  Bache- 
lor of  Laws,  Doctor  of  Laws,  Bachelor  of 
Medicine,  Doctor  of  Medicine,  and  to  ex- 
amine for  medical  degrees  in  the  four 
branches  of  medicine,  surgery,  midwifery, 
and  pharmacy,  and  that  such  reasonable 
fees  shall  be  charged  for  the  degrees  so  con- 


ferred, as  the  said  Chancellor,  Vice-Chan- 
cellor, and  Fellows,  with  the  approbation  of 
the  Commissioners  of  our  Treasury,  shall 
from  time  to  time  direct ;  and  such  fees 
shall  be  carried  to  one  general  fee  fund  for 
the  payment  of  the  expenses  of  tlie  said 
University,  under  the  directions  and  regu- 
lations of  the  Commissioners  of  our  Trea- 
sury, to  whom  the  accounts  of  income  and 
expenditure  of  the  said  University  shall 
once  in  every  year  be  submitted,  which  ac- 
counts shall  be  subject  to  such  examina- 
tion and  audit  as  the  said  Commissioners 
may  direct. 

That  at  the  conclusion  of  every  exami- 
nation of  the  candidates,  the  examiners  shall 
declare  the  name  of  every  candidate  whom 
they  shall  have  deemed  to  be  entitled  to  any 
of  the  said  degrees,  and  the  departments  of 
knowledge  in  which  his  proficiency  shall 
have  been  evinced,  and  also  his  proficiency 
in  relation  to  that  of  other  candidates,  and 
he  shall  receive  from  the  said  Chancellor  a 
certificate,  under  the  seal  of  the  said  Uni- 
versity of  London,  and  signed  by  the  said 
Chancellor,  in  which  the  particulars  so  de- 
clared shall  be  stated. 

Provided  always,  that  all  by-laws  and 
regulations  made  from  time  to  time  touch- 
ing the  examinations  of  candidates,  and 
granting  of  degrees,  shall  be  submited  for 
the  consideration  of  one  of  our  principal 
Secretaries  of  State,  to  be  approved  of  by 
him. 

And,  lastly,  we  do  hereby  for  us,  our 
heirs  and  successors,  grant  and  declare  that 
these  our  letters  patent,  or  the  enrolment 
or  exemplification  thereof,  shall  be  in  and 
by  all  things  valid  and  effectual  in  law,  ac- 
cording to  the  true  intent  and  meaning  of 
the  same,  and  shall  be  construed  and  ad- 
judged in  the  most  favourable  and  beneficial 
sense  for  the  best  advantage  of  the  said 
University,  as  well  in  all  courts  as  else- 
where, notwithstanding  any  non-recital,  mis- 
recital,  uncertainty,  or  imperfection,  in 
these  our  letters  patent. 

In  witness  whereof,  we  have  caused  these 
our  letters  to  be  made  patent.  Witness 
ourself,  at  our  j  Palace  of  Westminster,  the 
28th  day  of  November,  in  the  seventh  year 
of  our  reign. 

By  Writ  of  Privy  Seal, 

EDMUNDS. 
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Nomenclature  of  Comets. 

The  designation  of  comets  by  the  names 
of  men,  is  now  established  by  custom. 
As  this  practice  may  be  useful  in  ex- 
citing the  zeal  of  astronomers,  it  may 
be  well  to  adhere  to  it.  One  condition, 
however,  seems  indispensable, — that  the 
names  shall  be  constantly  chosen  by  an 
invariable  rule,  which  shall  be  free  from 
all  personal  and  national  prejudices. 
Whether  or  not  such  a  rule  has  been 
observed,  with  strict  justice,  up  to  the 
present  time,  may  be  learnt  from  the 
following  statement : — 

Three  periodical  comets  are  now 
known  ; — the  comet  whose  revolu- 
tion requires  7G  years  :  the  comet  of 
3  years  1%  ;  and  that  of  G  years  5.  The 
first  bears  the  name  of  Halley  ;  the  i 
second,  that  of  Encke ;  the  third,  that 
of  Biela.  These  three  appellations,  evi- 
dently do  not  proceed  from  the  same  rule. 

In  each  case  of  a  pei-iodical  comet, 
there  may  be  distinguished, — the  astro- 
nomer who  was  the  first  to  observe  it ; 
the  astronomer  who  was  likewise  the 
first  to  ascertain,  by  the  means  of  its 
parabolic  elements,  that  it  had  previous- 
ly appeared  ;  and  finally,  the  astrono- 
mer who,  by  the  study  of  its  elliptic 
elements,  calculated  the  time  of  its 
revolution.  We  may  give  the  prefer- 
ence, according  to  our  own  peculiar 
views,  either  to  a  calculator,  or  to  the 
observer ;  but  the  decision  once  made, 
it  would  be  unjust  not  to  adhere  to  it. 
Let  us  now,  leaving  Halley  ovit  of  the 
question  he  having  been  the  first  who 
gave  attention  to  periodical  comets,  exa- 
mine on  what  grounds  the  comet  dis- 
covered by  M.  Pons,  on  the  26th  No- 
vember, 1818,  has  generally  taken  the 
name  of  Hr.  Encke.  It  is,  indisputably, 
from  the  reason,  that  the  celebrated 
astronomer  of  Berlin  was  the  first  to 
calculate  its  elliptic  elements  ;  it  is,  that 
this  calculation  was  considered  more 
important,  more  difficult,  and  .more 
deserving  of  grateful  recollection,  than 
the  discovery :  but  if  this  be  true  of 
the  comet  of  1818,  it  should  not  be 
considered  false  when  applied  to  the 
comet  of  182G.  The  discoverer  of  this 
last,  whatever  may  be  his  rank  or  posi- 


tion in  the  world,  ought  not  to  be  more 
favoured  than  M.  Pons,  the  discoverer 
of  the  comet  of  1818.  He  ought,  in 
justice,  to  give  up  the  honour  to  the 
calculator.  For;  the  same  reason  that 
the  comet  of  the  short  period  is  called 
that  of  Encke,  (and  for  my  part,  I  con- 
sider this  appellation  highly  proper,) 
the  comet  of  6|  years,  should'  bear  the 
name  of  Gambart*.  Those  who  may 
persist  in  calling  it  the  comet  of  Biela, 
will  evidently  have  two  weights  and  two 
measures,  for  the  Austrian  officer,  like 
M.  Pons,  simply  saw  the  comet  before 
any  other  observer — he  followed  its 
march  among  the  constellations,  but  he 
calculated  neither  its  parabolic,  nor  its 
elliptic  orbit. — Arago. 

Honour  due,  and  granted. — Mr.  Francis 
Baily. 

The  circumstances  of  the  recent  election 
of  a  corresponding  member  of  the  Sec- 
tion of  Astronomy  in  the  Academic  des 
Sciences,  of  Paris,  cannot  fail  to  be  highly 
gratifying  to  our  scientific  countrymen. 
At  a  meeting  of  the  Academy  on  the 
14th  of  November  last,  the  Astronomical 
Section  presented  the  following  list  of 
persons,  who^e  services  and  reputation 
in"astronomical  science  the  Section  con- 
sidered sufficient  to  render  them  worthy 
of  the  distinction  of  filling  the  vacancy 
produced  by  the  death  of  Mr.  Pond : — 

1.  Baily  ....  London. 

2.  Dunlop  .     .     .     Paramatta. 

3.  Carlini     .     .     .  Milan. 

4.  Littrow  .     .     .     Vienna. 

5.  Hansen    .     .     .   Gotha. 

Two  of  these,  and  the  first  on  the  list, 
it  will  be  observed,  are  Englishmen. 

On  the  21st  of  November,  the   Aca- 
demy proceeded  to  the  election.     There 
were  forty-two    members  present    who 
voted,  and  the  result  was — 
34  for  Baily. 

7  for  Carlini. 

I  white  ball. 

42 

*  The  acute  and  accomplshed  Director  of 
the  Observatory  at  Marseilles,  recently 
deceased. 

21   2 
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Mr.  Baily  was  therefore  declared  a 
correspondent  member  of  the  Academy. 
The  scientific  rank  of  England,  is,  there- 
fore, still  maintained  in  the  Astrono- 
mical Section  of  this  distinguished  body. 

Doubts  of  the  Efficiency  of  Fusible 
Discs  on  Steam-boilers. 

The  use  of  discs  of  fusible  metal,  as  a 
means  of  preventing  explosion  in  steam- 
boilers,  though  little  practised  in  this 
country,  was  considered  by  our  neigh- 
bours on  the  continent  as  one  of  the 
most  eliicacious.  It  received  the  ap- 
prol)ation  of  the  Academie  des  Sciences, 
and  the  French  government  enforced  it 
by  a  lav/,  in  which  the  proportions  of  the 
alloy,  the  dimensions  of  the  discs,  &c. 
were  minutely  prescribed.  Experience 
has  since  shaken  the  confidence  reposed 
on  this  means,  and  a  commission  which 
has  recently  sat  at  Toulon  upon  the 
subject,  have  decided,  that,  in  their 
opinion,  these  discs  furnish  no  pre- 
servation against  explosions,  but  are  a 
source  of  real  danger.  The  statement 
which  this  commission  laid  before 
the  Government,  has  induced  the 
latter  to  take  into  consideration  the 
propriety,  not  only  of  suspending  the 
present  regulations  which  enforce  their 
use,  but,  in  the  new  ones  about  to  be 
issued,  of  forbidding  the  use  of  these  discs 
altogether  in  every  kind  of  steam-genera- 
tor,"whether  in  navigation  or  manufac- 
tures. 

The  proposal  for  the  adoption  of  this 
means  of  security,  having  proceeded 
from  the  Academy,  the  Government 
have  lliought  proper  to  call  upon 
that  body  for,'  an  examination  of  the 
objections  which  have  been  raised,  and 
for  a  thorough  discussion  of  this  im- 
portant question. 

The  academy  have  appointed  MM. 
Arago,  Dulong,  Dupin,  D'Arcet,  and 
Seguier,  to  report  upon  the  subject. 

Proportio7i  of  Infants  Still-born. 

From  an  examination  of  documents, 
selected  as  favourable  to  a  correct  re- 
sult, it  would  appear,  that  the  number 
of  children  still-born,  bears  the  following 
proportion  in  the  undermentioned  places. 
Strasburg  .  .  .  1  in  1 1  births. 
Hamburg  .         .  1   „   15      — 

Amsterdam  .         .     1   „   1 7      — 

Dresden  .         .         1  „   17      — 

Paris  .         .         .         ,     )   „  19      — 
Berlin      .         .         .         1  „  20      — 


tin  the  country  1 


in  24  births. 
„  27  — 
„  29  — 
»  33  — 
„  36  — 
»  20-4  — 
„  38-2  — 
»  15-5  -- 
„  28-0  — 
.,  19      — 


Vienna        .        .  .1 

London   ...  1 

Prussian  monarchy  .     1 

Brunswick       .         .  1 

Stockholm  .         .  .1 

Belgium  {!"  *^«  t«^"'    ^ 

Geneva    ' 

Issoudun 

Sens 

The  differences  that  may  be  remarked 
in  the  numbers  furnished  by  the  various 
countries  and  places  are,  perhaps,  not 
quite  so  great  as  they  would  appear  at  the 
first  glance.  For  actually,  the  still-born 
entered  in  the  registers  under  that  name, 
may  be  divided  into  two  classes,  one  of 
which  would  contain  those  which  are 
without  life  at  the  moment  of  birth, 
and  the  other,  those  which  die  within 
the  three  days  allowed  for  the  decla- 
ration of  the  death  to  be  made.  The 
influence  of  the  law,  of  municipal 
regulations,  and  of  the  negligence  of 
poor  and  obscure  families,  has  a  great 
effect  upon  the  second  class,  which 
must  be  more  numerous  in  the  towns 
and  the  great  seats  of  manufacture, 
than  in  the  villages  and  in  the  country. 

The  town  of  Issoudun,  situated  in  the 
centre  of  France,  free  from  the  agitations 
and  changes  of  the  manufacturing  dis- 
tricts, of  an  average  size  and  population, 
appeared  well  adapted  to  afford  a  mean 
between  the  cities,  and  the  country,  of 
France.  An  extract  from  its  registers 
was  obtained,  which  contains  an  ac- 
count of  all  infants  still-born,  for  thirty 
years.  The  proportion,  is,  which  is 
the  result  of  this  research,  approaches 
very  nearly  to  the  mean  of  the  num- 
bers given  by  M.  Quetelet  for  the  towns 
and  villages  of  Belgium,  and  to  the 
number  corresponding  to  the  Prussian 
monarchy.  And  until  we  are  in  pos- 
session of  more  accurate  documents  on 
the  subject,  this  proportion,  j'g,  is,  proba- 
bly, the  true  one  for  the  whole  of  France. 
— Demo  nferr  and. 

'Paradox  in  graduating  Circular 
Instruments. 

In  a  theodolite  constructed  by  M. 
Gambey  of  Paris,  for  Mr.  Pentland, 
the  minister  despatched  by  the  English 
government  to  Bolivia,  the  graduation 
is  said  to  have  been  accurately  and 
beautifully  executed  by  a  machine,  in 
which  it  is  not  necessary  that  the  circle 
to  be  graduated  should  have  its  centre 
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adjusted  to  that  of  the  dividing -plate. 
Many  skilful  mechanicians  do  not  be- 
lieve this  to  be  possible  ;  it  is,  however, 
asserted,  that  M.  Gambey  accomplishes 
it  with  invariable  success,  by  connect- 
ing the  tracing-point  with  an  articulated 
train  of  great  simplicity.  The  great 
excellence  of  M.  Gambey"s  instruments 
re^sults,  principally,  from  the  ingenious 
tools  he  has  designed  for  their  iabri- 
cation.  The  theodolite  of  Mr.  Pentland 
repeats  both  horizontally  and  vertically, 
and  such  is  the  truth  and  clearness  of 
the  graduation,  that,  though  the  circles 
are  but  fi'S  in.  radius,  they  can  be  read 
off  with  the  greatest  certainty  to  five 
seconds. 

Chemical  Rays  of  the  Spectrum. — Mrs. 

Somerville,  M.  Arago,  and  Sig. 

Melloni. 

In  the  report  of  the  meeting  of  the 
Academie  dts  Sciences,  on  the  21st  of 
December,  1835,  it  was  stated.  That 
after  having  pointed  out  the  remarkable 
parts  of  the  experiment,  by  means  of 
which  Sig.  Melloni  proved,  that  the  solar 
rays  may  preserve  all  their  luminous 
properties,  and  yet,  at  the  same  time, 
lose  all  their  heating  powers,  M.  Arago 
remarked,  that  the  question  might  be 
regarded  from  another  point  of  view. 
In  his  opinion,  it  would  be  important  to 
examine,  if  the  processes  employed  by 
Sig.  Melloni,  or  some  analogous  ones, 
would  not  lead  to  the  fact  of  depriving 
the  solar  rays  of  their  chemical  effects ; 
if,  in  a  word,  of  the  three  properties 
which  solar  light  possesses  when  it 
reaches  the  earth,  viz.  1,  that  of  illumi- 
nating :  2,  that  of  heating  ;  and  3,  that 
of  decomposing,  or  affecting  chemical 
combinations,  it  would  ]>e  possible  to 
remove  the  two  last,  and  preserve  the 
illuminating  property  only. 

"This  experiment,"  continued  M. 
Arago,  "  appears  to  me  as  if  it  would 
produce  some  curious  consequences,  and 
in  the  past  week  I  had  nearly  yielded 
to  the  temptation  of  trying  it.  But,  as 
it  was  possible  that  Sig.  Melloni  might 
also  have  thought  of  it,  though  he  has  not 
mentioned  it  in  his  memoir,  it  appeared 
to  me  that  I  ought  not  to  pursue  my 
intention,  until  after  I  had  conferred 
with  the  learned  Italian  physicien." 

"  The  motives,  which  influenced  me 
in  1835,"  observed  M.  Arago  to-day, 
(17  Oct.  last,)  "not  to  anticipate  Sig. 
Melloni  in  an  inquiry  so  intimately  con- 


nected with  his  beautiful  discoveries, 
are  still  in  operation  ;  and  I  shall,  there- 
fore, abstain  from  mentioning  some  re- 
sults which  I  have  obtained  on  the  ab- 
sorption or  interception  of  the  chemi- 
cal rays.  The  same  reserve,  it  is  clear, 
cannot  be  asked  of  Mad.  Somerville.  I, 
therefore,  see  no  reason  to  refuse  to  the 
interesting  experiments  of  a  person  so 
eminently  distinguished,  all  the  pub- 
licity which  the  meetings  and  reports 
of  the  academy  can  confer." 

M.  Arago  then  communicated  the 
following  extract  of  a  letter,  addressed 
to  him  by  Mrs.  Somerville,  detailing 
some  experiments  on  the  transmission 
of  the  chemical  rays  of  the  solar  spec- 
trum through  various  media. 

"  I  used  in  these  experiments  some 
chlorate  of  silver,  of  the  most  perfect 
purity  and  whiteness,  which  Mr.  Faraday 
had  the  kindness  to  prepare  for  me.  It 
was  fluid,  and  could  belaid  very  evenly 
on  paper.  Although  this  substance  is 
extremely  sensible  to  the  action  of  the 
chemical  rays,  yet  as  there  are  no  pre- 
cise means  for  measuring  the  changes 
of  colour  produced  by  this  action,  there 
is  a  difficulty  in  accurately  describing 
results,  when  it  is  desired  to  compare 
tints  which  are  nearly  the  same  ;  but 
the  results  which  I  now  offer,  are  chosen 
from  such  as  do  not  admit  of  any 
doubt. 

"  A  small  piece  of  glass,  of  a  very 
pale  green,  perfectly  transparent,  and 
less  than  i\  in.  in  thickness,  did  not 
permit  the  passage  of  any  chemical  ray 
whatever;  after  an  exposition  for  half 
an  hour  to  the  sun  when  very  hot,  the 
chlorate  of  silver,  which  was  placed  be- 
hind the  glass,  exhibited  no  change  of 
colour. 

"I  repeated  this  experiment  with 
several  different  green-coloured  glasses, 
of  various  tints  and  thicknesses.  I  found 
them  all  nearly  impermeable  by  the 
chemical  rays,  even  when  they  were 
submitted  a  much  longer  time  to  the 
solar  inlluence.  As  Sig.  Melloni  has 
already  discovered  that  glass  of  this 
colour  intercepted  the  most  refrangible 
of  the  calorific  rays,  we  shall  be  induced, 
by  considering  his  results  with  mine, 
to  conclude,  that  this  glass  has  the  pro- 
perty of  intercepting  entirely  the  most 
refrangible  part  of  the  solar  spectrum. 

"  Plates  of  deep-green  mica  are  also 
nearly  impermeable  by  the  chemical 
rays  ;  but  when  the  plates  are  very  thin, 
and  the  solar  action  is  very  much  pro- 
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longed,  it  is  evident  they  do  not  in- 
tercept the  rays  entirely.  I  fixed,  by 
means  of  soft  wax,  on  a  sheet  of  paper 
prepared  with  chlorate  of  silver,  a  plate 
of  pale-green  mica  from  Vesuvius,  the 
thickness  of  which  did  not  exceed  a^i'i- 
I  exposed  the  whole  to  the  rays  of  a  hot 
sun  ;  at  the  end  of  some  time,  the  niica 
was  removed,  and  I  found  that  the  por- 
tion of  paper  which  it  had  covered  had 
lost  nothing  of  its  whiteness,  while  all 
the  other  part  had  acquired  a  deep- 
brown  colour. 

"A  similar  experiment  was  made 
with  thin  plates  of  white  mica :  six  plates 
of  ordinary  white  mica  being  super- 
posed, did  not  intercept  the  chemical 
rays  ;  the  chlorate  of  silver  which  they 
covered,  becoming,  at  the  end  of  an 
hour's  exposition  to  the  sun,  of  a  deep- 
brown.  The  same  result  was  obtained, 
with  a  single,  but  much  thicker,  plate 
ofwhite  mica.  This  substance,  therefore, 
appears  not  to  offer  any  obstacle  to  the 
passage  of  the  calorific  [chemical  ?]  rays. 

"These  experiments  disposed  me,  in 
the  first  instance  to  believe,  that  all 
green  substances  possessed  the  same 
property,  but  I  was  not  long  in  finding 
that  I  had  been  too  hasty  in  general- 
izing results  ;  in  fact,  having  submitted 
to  the  same  tests  a  large  emerald,  the 
green  colour  of  which  was  very  fine,  but 
not  very  deep,  and  whose  thickness  was 
at  least  55  in.  1  found  that  the  che- 
mical rays  were  transmitted  without 
difficulty  ;  therefore,  the  matter  which 
colours  the  emerald  green  has  no  action 
on  the  chemical  rays,  while  that  which 
imparts  the  same  colour  to  glass  and 
to  mica,  exerts  a  decided  influence  upon 
them. 

"Rock-salt,  as  there  was  every  rea- 
son to  expect,  possesses,  in  a  very  high 
degree,  the  property  of  transmitting  the 
chemical  rays.  Glass,  coloured  violet 
by  manganese,  and  the  deep-blue  kind 
which  is  used  in  finger-glasses  for  the 
table,  transmit  these  rays  rapidly.  The 
change  of  chlorate  of  silver  by  the  solar 
action  takes  place  quickly,  though  a 
plate  of  deep-blue  glass,  ^in.  thick,  be 
interposed. 

"  Among  the  various  substances 
that  I  have  exposed  in  these  experi- 
ments, rock-salt,  white,  blue,  and  violet 
glass,  are  those  which  present  the  max- 
imum of  permeability  to  the  chemical 
rays ;  green  glass  and  green  mica  pos- 
sess the  minimum.  Other  bodies  have 
this  property  in  intermediate  degi-ees ; 


it  varies  in  some,  even  whore  the  colour 
is  nearly  the  same ;  thus,  deep-red  glass 
scarcely  pei-mits  the  passage  of^  any 
chemical  rays,  while  the  garnet,  equally 
deep-red,  transmits  nearly  the  whole  of 
them.  The  white  topaz,  as  well  as  the 
blue,  the  pale-blue  beryl,  cyanite,  hea- 
vy spar,  the  amethyst,  and  various  other 
substances,  transmit  with  great  facility 
the  chemical  eays ;  but  the  yellow  beryl 
may  be  said  to  permit  none  to  pass  ; 
and  the  brown  tourmalin,  as  svell  as  the 
green  one,  has  so  little  permeability, 
that  I  failed  in  the  different  attempts 
which  I  made  to  polarize  the  rays  in 
question,  although  I  am  of  opinion,  that 
the  thing  would  not  be  absolutely  im- 
possible with  plates  prepared  much 
thinner  than  those  which  I  employed. 
I  intend  to  resume,  shortly,  this  train 
of  experiments." 

Goethe  and  De  Candolle. 

"  Goethe,  the  greatest  poet  and  the  most 
distinguished  philosopher  of  Germany, 
was  afflicted,  about  the  middle  of  his 
career,  with  severe  depression  of  spirits ; 
the  social  and  civil  disorders  'of  France 
induced  such  moral  agony,  that,  during 
his  ^attack  of  hypochondria,  he  with- 
drew to  a  retreat  in  Italy,  to  pass  the 
time  among  the  magnificent  gardens 
which  embellish  that  country.  The  sy  m- 
pathies  of  the  poet  were  at  first  scarcely 
excited  by  the  contemplation  of  these 
exquisite  scenes  ;  but  by  degrees  the 
flowers  flattered  his  senses,  and  as  a 
means  of  recreation,  his  soul  indulged 
in  their  gorgeous  beauties.  At  the  same 
time  that  their  variety  called  forth  his 
admiration,  and  he  distinguished  their 
differences,  he  was  struck  with  their 
analogies.  He  believed  in  their  trans- 
lation of  form  ;  this  intuitive  poetry 
consoled  him,  and  became  such  an  ever- 
springing  source  of  pleasure,  that  the 
conception  of  a  work  on  Vegetable  Phy- 
siology was  a  consequence.  Goethe 
committed  his  inspirations  to  writing, 
and  gave  them  the  form  of  aphorisms, 
intending  them  for  his  private  use  only. 
At  a  later  period,  in  1790,  he  sent  his 
work  into  the  world,  under  the  title  of 
an  Essai/  on  the  Metamorphosis  of 
Flowers. 

"  The  human  intellect  was  not  then 
prepared,  in  the  slightest  degree,  to  re- 
ceive, under  so  anomalous  a  form,  this 
revelation  of  relations  ;  and  at  the  pre- 
sent day,  how  many  botanists  are  there 
who  are  arrived  at  this  point  ? 
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"  Three  years  passed  away,  and  Goethe 
resumed  his  wonted  occupations  as  poet 
and  philosopher ;  but  he  felt  so  little 
confidence  as  a  naturalist,  that  he  fre- 
quently made  secret  incursions  into  the 
regions  of  zoology  and  of  anatomy,  to 
search  for  proofs  and  analogies  to  sup- 
port and  justify  [the  law  of  harmony 
which  he  had  discovered  in  the  vege- 
table tribes,  for  he  had  faith  in  his  own 
convictions,  and  in  the_tardy  justice  of 
posterity. 

■  "Twenty-seven  years  after  Goethe  had 
been  left  in  the  rear  as  a  naturalist,  or 
rather  forgotten  under  the  title,  his 
day  of  triumph  arrived.  De  Candolle 
appeared  with  the  rich  booty  he  had 
collected  during  his  admirable  researches 
into  the  teratology  of  vegetables.  De 
Candolle,  who  had  passed  through  every 
grade  of  botanical  knowledge,  adopted, 
under  a  slightly-different  form,  the 
notions  of  the  great  poet  on  the  analogy 
of  organization,  and  immediately  after- 
wards determined  to  visit,  at  Weimar, 
the  illustrious  old  man  who  had  enun- 
ciated these  excellent  ideal  preconcep- 
tions in  the  science.  There,  cordially 
congratulating  the  philosopher,  so  tar- 
dily admitted  to  the  title,  he  beheld  in 
him  a  real  naturalist,  in  the  midst  of  a 
valuable  cabinet  of  natural  history,  and 
occupied  in  observations  upon  living 
beings  J  " — Geoftroy  Saint-Hilaire. 

Grand  Scientific  Swvey,  by  order  of 
the  Russian  Government. 

A  SCIENTIFIC  expedition  for  the  purpose 
of  accurately  determining  the  long-dis- 
puted question  of  the  levels  of  the  Cas- 
pian and  Black  Seas,  was  to  commence 
its  operations  in  July  last. 

The  government  of  Russia  has  un- 
dertaken it  on  the  suggestion  of  the 
Imperial  Academy  of  Sciences,  at  St. 
Petersburgh.  It  has  approved  of  the 
plan  of  operations  drawn  up  by  the 
Academy,  and  munificently  placed 
8000^.  at  their  disposal  to  defray  the 
expenses. 

The  details  of  the  organization  of  this 
expedition,  and  the  selection  of  the  sci- 
entific corps  who  are  to  carry  its  opera- 
tions into  effect,  have  been  confided  to 
Professor  Struve,  the  astronomer  of 
Dorpat.  He  has  appointed  three  of  his 
former  pupils  ;  Hr.  George  Fuss,  assist- 
ant-astronomer of  the  Central  Observa- 
tory, and  who  has  given  evidence  of  his 
ability  by  his  labours  in  China  and  in 


the  south-east  of  Siberia;  Hr.  Sabler, 
assistant-astronomer  of  the  University 
of  Dorpat ;  and  Hr.  Savicht,  Professor 
of  Mathematical  Sciences  in  the  Uni- 
versity of  Moscow.  These  are  accom- 
panied by  a  mechanician,  and  furnished 
with  a  complete  selection  of  the  neces- 
sary instruments.  The  time  required 
for  the  operations  is  estimated  at  about 
eighteen  months.  The  Hue  of  this  ver- 
tical survey  is  to  be  conducted  trigono- 
metrically,  and  will  be  run,  according  to 
local  circumstances,  either  between  Ta- 
ganrog and  the  mouth  of  the  Kouma, 
along  the  Manitch,  and  across  the 
steppe,  or  between  Taman  and  Kisliar, 
following  the  range  of  the  Caucasus. 

Simultaneous  barometrical  observa- 
tions, with  instruments  regularly  com- 
pared, will  be  made,  not  only  by  the 
travellers  along  the  line  of  operation, 
but  also  at  Astracan  and  at  Taganrog, 
by  experienced  and  confidential  persons 
stationed  in  those  towns. 

Mirage  in  Iceland. 
"  We  have  had  very  often  the  phenome- 
non of  the  mirage  under  observation ; 
and,  contrary  to  the  opinion  of  some 
navigators  who  have  visited  the  North, 
I  was  never  able  to  remark  that  objects 
were  elevated  by  it.  It  always  appeared 
to  me  like  a  bright  fog  on  the  surface 
of  the  sea,  which,  variously  modifying 
the  bases  of  objects,  might,  I  believe, 
in  certain  circumstances,  so  influence 
the  illusion,  as  to  give  an  idea  of  their 
being  elevated  by  the  phenomenon." — 
Robert.  Letter  from  Iceland,  July, 
1836. 

When  this  extract  was  read  in  the 
Academie  des  Sciences,  M.  Libri  re- 
marked, that  it  could  not  be  afl^irmed, 
as  M.  Robert  appeared  to  do,  that 
objects  were  not  elevated  by  the  mirage, 
for  this  phenomenon,  which  takes  place 
under  very  different  circumstances,  pro- 
duces very  varied  effects.  In  the  sandy 
countries  of  the  south,  lakes  and  sheets 
of  water  are  seen  during  the  mirage, 
while  in  the  north  and  at  sea,  it  is  very 
distant  objects  only,  and  even  those 
below  the  horizon,  that  are  visible.  As 
to  whether  these  objects  shall  be  seen 
elevated,  more  or  less,  by  the  effect  of 
of  the  mirage,  that  will  principally  de- 
pend upon  local  circumstances,  and  the 
state  of  the  atmospheric  strata  through 
which  the  rays  must  pass  which  ema- 
nate from  ^thfe  objects  affected  by  the 
phenomenon. 
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Extemporaneous  malleable  Platinum. 

"The  process  of  "VVoUaston  for  llie 
manufacture  of  platinum  is  made  use  of 
by  those  persons  only  who  manufacture 
this  metal  for  couimerce.  Chemists 
never  prepare  malleable  platinum  for 
the  uses  of  the  laboratory,  and  the  pro- 
cess is  described  in  no  public  course  of 
instruction.  Hr.  Liebig  is,  I  believe,  the 
only  person  who  in  his  lectures  teaches 
it.  Though  the  mode  he  follows  is 
exactly,  in  every  respect,  that  of  Wol- 
laston,  and  though  it  presents  nothing- 
new  in  a  scientific  point  of  view,  I 
nevertheless  am  of  opinion  that  I  shall 
perform  a  useful  and  agreeable  office  to 
chemists,  in  directing  their  attention  to 
a  process  far  too  much  neglected,  and 
so  easy  of  execution,  that  one  may  say 
there  is  really  no  operation  whatever 
more  simple,  or  more  expeditious,  than 
that  of  making  malleable  platinum  in 
the  following  little  ujjparatus. 

"  It  is  a  hr.llow  cylinder,  slightly 
conical,  one  end  of  which  is  closed  by  a 
small  thick  metallic  plate.  After  hav- 
ing decomposed,  at  the  lowest  possible 
temperature,  the  ammoniacal  muriate  of 
platinvuTi,  the  froth  produced  is  to  be 
removed  by  a  \\ooden  rod,  and  mixed 
with  water;  afJer' being  made  into  a 
clear  paste  it  is  to  be  introduced  into 
the  cyhnder;  then,  by  means  of  an  iron 
piston,  it  is  to  be  slighily  pressed  for 
one  or  two  minutes ;  this  is  to  be  fol- 
lowed by  the  greatest  possible  compres- 
sion. A  ring  of  iron  in  which  the 
cylinder  stands,  permits  the  easy  dis- 
engagement of  the  bit  of  platinum,  by 
striking  a  blow  on  the  piston. 

"  The  platinum,  when  thus  removed, 
will  be  found  to  have  already  acquired 
great  density,  and  a  brilliant  metallic 
aspect.  It  should  be  dried  gently,  and 
afterwards  exposed  for  a  quarter  of  an 
hour  to  a  white  heat,  then  be  sud- 
denly withdrawn  from  the  crucible,  and 
struck  once  with  a  hammer.  It  is 
to  be  so  treated  four  or  five  times, 
gradually  augmenting  the  number  of 
blows, 

"  In  less  than  half  an  hour  the  whole 
operation  is  finished,  and  is  so  easy, 
that  the  result  is  always  certain. 

"  I  offer  for  the  examination  of  the 
Academy  a  spatula  and  a  knife-blade 
of  platinum,  which  I  saw  manufactured, 
in  a  few  minutes,  in  the  laboratory  of 
Hr.  Liebig,  at  Giessen." — Pelouse. 


Geological  Hebrew. 

In  sawing  through  a  block  of  marble, 
(primitive  limestone,)  which  had  been 
obtained  from  a  quarry  in  Montgomery 
county,  Pennsylvania,  there  was  foundin 
the  interior  a  cavity  filled  with  black 
pulverulent  matter,  which  was  denomi- 
nated primitive  carbon.  When  this 
was  removed,  the  bottom  of  the  cavity, 
which  was  Hat,  presented  several  lines 
in  relief,  which  portrayed,  distinctly, 
two  letters  of  the  Hebrew  alphabet ! 
It  appears  that  the  attention  of  Ame- 
rican naturalists  has  been  strongly 
directed  to  this  discovery.  Mr.  Browne, 
Professor  of  C4eology  at  Philadelphia, 
and  the  present  possessor  of  the  block, 
has,  offered  to  send  it  to  Paris  for  the 
examination  of  geologists. 

Motion  of  Water  on  Heated  Surfaces. 

Physiciens  have  long  remarked  the 
phenomenon  which  water  presents  when 
thrown  upon  a  metallic  surface  lieated 
to  a  very  high  temperature.  If  a  small 
quantity  of  water  be  thrown  into  a  cru- 
cible of  platinum  at  nearly  a  white 
heat,  for  instance,  the  drops  will  be  seen 
to  be  tossed  about  from  one  side  to  the 
other  of  the  crucible,  or  to  spin  round 
on  themselves,  but  always  continuing  a 
very  long  time,  though  their  evapora- 
tion would  have  been  rapid,  had  the 
metal  been  less  hot.  M.  Baudrimont 
has  concluded,  from  experiments  made 
with  a  view  to  explain  the  phenomenon, 
that  the  drops  of  water  so  moving  at 
the  bottom  of  an  incandescent  crucible, 
have  a  temperature  much  below  that  of 
ebullition,  and  that  it  never  exceeds 
122"  Fahr.  M.  Laurent,  in  repeating 
these  experiments,  obtained  very  differ- 
ent results ;  according  to  him,  the 
water,  notwithstanding  the  slowness 
with  which  it  evaporates,  has  a  tempe- 
rature approaching  very  nearly  to  212'*. 
M.  Laurent  also  does,  not  admit,  that 
the  drops,  diu-ing  the  whole  time  of 
their  existence,  are  separated  from  the 
bottom  of  the  crucible  by  a  thin  sheet  of 
vapour ;  he  believes  that,  on  the  con- 
trary, they  leap  continually,  and  that  at 
each  of  these  bounds  they  touch  the 
incandescent  surface,  though  for  a  very 
short  time  only.  During  these  move- 
ments they  present  a  singular  appear- 
ance ;  their  outline,  instead  of  being 
circular,  has  projections  more  or  less  in 
number,  but  always  of  an  even  number. 
"  It  is   in  the  following  way,"  says 
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M.  Laurent,  "  that  the  generation  of  \ 
these  forms  may  be  understood.  Let 
us  suppose  an  elastic  circle  suddenly 
compressed  in  two  points,  diametrically 
opposed  to  each  other ;  it  will  take  the 
form  of  an  ellipse  ;  but  if  the  comprcss- 
ini;^  cause  be  suddenly  annihilated,  the 
ellipse,  by  its  elasticity,  will  return  to 
the  previous  circular  form,  and,  by  vir- 
tue of  the  velocity  acquired,  will  not 
stop  there,  but  proceed  to  form  a  second 
ellipse,  the  greater  axis  of  which  will  be 
perpendicular  to  that  of  the  first.  Thus 
there  will  succeed  a  series  of  oscillations 
which  will  give  ellipses  whose  greater 
axes  are  alternatively  perpendicular 
to  each  other,  and,  if  the  movement  be 
very  rapid,  the  in7pression  of  a  previous 
ellipse  will  remain  on  the  retina,  when 
that  of  a  succeeding  one  is  produced 
upon  it,  and  the  two  images  will  be 
superposed  in  such  a  uumner,  that  they 
will  exhibit  a  cross  with  rounded  ends, 
or  a  wheel  with  four  teeth.  If  the 
images  of  the  two  extreme  ellipses,  and 
that  of  their  mean  circle,  be  seen  at  the 
same  time,  a  star  of  eight  points  will  be 
produced,  &c.  It  is  easy  from  this  to 
see  why  the  number  of  projections  of 
the  figure  should  always  be  of  an  even 
number. 

"  Tiiat  which  has  been  said  of  a  circle 
will  hold  of  a  sphere,  if  it  be  elastic,  as 
is  the  wator-drop  on  the  floor  of  an 
incandescent  crucible. 

"I  convinced  myself  that  these  forms 
were  owing  to  vibratory  motion,  by  the 
following  experiment.  I  placed  in  a  por- 
celain cup  about  an  ounce  of  mercury ; 
1  set  the  cup  on  an  elastic  board,  which 
I  made  to  vibrate  with  a  violin-bow. 
The  mercury  presented  immediately 
the  same  figures  as  the  water  in  the 
heated  crucible." 

Instantaneous  Calculation  of  Areas. 

M.  Gaetano  Cairo  has  invented  an 
instrument,  to  which  he  has  given  the 
name  of  Tachymeter  (rapid  measurer). 
Its  object  is  to  give  the  area  of  plane 
surfaces  bounded  hy  any  outline  what- 
ever, without  the  necessity  of  any  arith- 
metical operation. 

There  are  several  moans  more  or  less 
rapid  for  ascertaining  the  areas  of  plane 
surfaces,  among  which  tiiat  of  thep/ane- 
meter  of  MM.  Oppikofer  and  Ernst 
has  ilse  remarkable  property,  that  no- 
thing mure  is  necessary  than  to  draw  a 
point  over   the  outline    of  any   figure 


whatever,  and  the  superficial  content  of 
it  is  marked  immediately  upon  a  dial- 
plate  by  an  index. 

M.  Cairo,  who  has  also  devoted  him- 
self to  reduce  the  calculation  of  sur- 
faces of  land,  &c.  to  a  purely  graphic 
operation,  substitutes  for  the  figure  pro- 
posed a  number  of  trapeziums,  having 
their  bases  parallel,  and  their  height 
constant.  This  latter  quantity  is  taken 
as  the  unit,  so  that  if  the  mean  bases 
are  successively  measured,  the  num- 
ber of  linear  units  contained  in  the 
sum  of  all  these  bases  expresses  that  of 
the  superficial  units  contained  in  the 
figure  proposed. 

For  a  very  long  period  it  has  been  cus- 
tomary to  calculate  approximatively  the 
area  of  an  irregular  curve,  by  means  of 
equidistant  ordinates  taken  so  near  to 
each  other  that  the  portions  of  the 
curve  intercepted  by  them  may  be  con- 
sidered, without  any  sensible  error,  to 
be  short  right  lines.  A  much  greater 
degree  of  precision  is,  however,  attained 
by  considering  the  given  curve,  on  the 
contrary,  as  an  assemblage  of  small 
parabolic  lines,  in  which  three  points 
are  known.  Legend  re,  in  his  Exercices 
de  calcul  integral,  has,  in  certain  re- 
spects, improved  this  method.  It  is  also 
given  in  several  other  modern  works. 
But  in  the  operations  of  the  most  exten- 
sive surveying,  even  in  the  most  im- 
portant of  them,  the  former  process 
may  be  safely  employed  ;  and  it  is  this 
which  M.  Cairo  uses. 

Although,  in  general,  the  area  of  any 
irregular  figure  bounded  by  a  curved 
line,  may  be  easily  obtained  by  means 
of  the  tachymeter,  jet  Mhen  the  space 
to  be  measured  is  any  right-lined  polv- 
gon,  it  is  desirable  to  select  a  mode  of 
decomposition  which  will  lead  to  the 
end  desired  in  the  most  simple  and 
convenient  manner.  Now,  in  the^e 
cases,  the  instrument  of  M.  Cairo,  even 
following  the  process  which  he  has 
himself  described,  abridges  but  very 
little  the  ordinary  method  of  finding 
the  area  of  a  triangle,  rectangle,  &c. 
the  bases  and  heights  being  known. 

Finally,  though  the  tachymeter  does 
not  give,  under  any  circumstances,  the 
area  of  a  plane  figure  with  the  same 
celerity  as  the  instrument  of  MM. 
Oppikofer  and  Ernst,  it  is,  however,  of 
a  very  simple  construction,  and  it  may 
\yQ  advantageously  substituted  for  the 
graphical  methods  used  in  surveying.™ 
Puissant. 
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Height  of  Waves  at  Sea. 

The  following  observations  on  the 
height  of  waves  in  the  open  sea,  were 
made  during  a  voyage  from  Dieppe  to 
Newfoundland,  in  the  Spring  of  the 
present  year.  Though  evidently,  but 
approximations,  we  give  them  as  an 
instance  of  the  extensive  and  valuable 
effects  which  scientific  circulars,  of  the 
nature  of  that*  compiled  by  M.  Arago 
in  the  Annnaire  of  this  year,  are  calcu- 
lated to  produce.  Pointing  out  the  un- 
trodden fields  of  nature,  and  describing 
the  links  still  wanting  to  complete  the 
chain  ;of  scientific  investigation,  they 
urge  observation  in  the  right  direction  ; 
and  suggesting,  at  the  same  time,  the 
mode  of  operation,  they  render  its  exer- 
cise easy  and  inviting. 

"As  we  had  not  the  dip-sector  de- 
scribed by  M.  Arago,  we  could  not  use 
that  means  of  measuring  the  height  of 
waves  ;  we,  therefore,  proceeded  as  fol- 
lows. On  the  '26th  of  March,  the  day 
before  a  gale  of  wind,  there  being  a 
heavy  sea,  M.  Aigremont  ascended  the 
mast,  and  attempted  to  place  his  eye  in 
a  line  which  should  touch  the  crests  of 
two  waves.  This  he  found  difficult  to 
do.  He  then  sought  to  refer  the  crest 
of  a  wave  to  the  horizon,  at  the  moment 
when  the  vessel  was  in  the  trough.  The 
mean  of  several  observations  of  this 
kind,  gave  18^  feet  for  the  height  of 
the  waves.  On  the  29th,  in  the  neigh- 
bourhood of  Jm  petite  Sole,  two  vessels 
of  different  magnitude  passed  very  near 
us  during  the  day,  running  d  contre- 
bord,  and  crossing  the  waves.  The  sea 
was  frightful;  it  may  sometimes  be 
worse,  but  rarely.  These  circumstances 
appeared'  favourable  for  the  attain- 
ment of  the  measurement  we  desired. 
At  the  times  when  a  vessel  was  in 
a  trough  of  the  waves,  a  position  in 
which  it  was  nearly  upright,  we  re- 
marked a  point  on  the  mast  which  was 
in  the  right  line  with  two  wave-crests 
in  the  interval  between  it  and  us, 
taking  care  that  our  eyes  were  in  the 
same  right  line.  The  altitude  of  such 
a  point  on  the  mast  above  the  sea, 
was  evidently  the  height  of  the  waves. 
We  estimated  the  size  of  these  vessels, 
(and  sailors  'come  very  near  the  truth 
on  such  occasions,)  and  supposing  their 
masts  to  be  of  the  usual  proportions, 
the    mean    of    the    observations    made 

*  Publishing  in  the  present  and   other 
numbers  of  this  Magazine.  ,  „ 


on  the  larger  vessel  of  the  two,  gave 
nearly  44  feet  for  the  height  of  the 
waves  :  the  mean  by  the  smaller  vessel, 
gave  about  41  feet.  This  result  is,  of 
course,  affected  by  all  the  errors  which 
we  may  have  made  in  the  estimate  of 
the  size  of  the  vessels,  and  in  the 
height  of  their  masts  :  but  when  simi- 
lar observations  shall  be  made  on  ves- 
sels of  known  size,  and  on  whose  masts 
marks  shall  be  made  which  can  be  re- 
ferred to,  this  mode  appears  to  me  to 
be  the  easiest,  and  probably,  the  most 
accurate." — Duhamel. 

Comparative    Intensity    of  the  Solar 
Rays  in  different  Latitudes. 

The  meteorological  observations  made 
during  the  later  voyages  of  English 
navigators  in  the  arctic  regions,  have 
excited  a  warm  discussion  among  some 
physiciens,  on  the  question,  whether 
the  solar  rays  thrown  on  the  blackened 
bulb  of  a  thermometer,  produce  a  greater 
effect  at  the  equator  than  near  the 
poles.  One  party  maintaining,  that  the 
heating-power  increases  with  the  lati- 
tude;  the  other,  considering  this  idea 
to  be  rash  and  unsupported.  Some  ob- 
servations of  Sir  John  Herschel,  com- 
municated to  the  Academic  des  Sciences, 
on  the  31st  of  October  last,  appears  to 
restore,  definitively,  to  the  countries  in 
the  vicinity  of  the  equator  the  privilege 
of  which  it  has  been  attempted  to  deprive 
them.  By  means  of  a  new  instru- 
ment, the  actiiiometer.  Sir  John  Her- 
schel found  that,  at  the  Cape,  the  direct 
thermometical  effect  of  the  solar  rays 
was  120°  Fahr.  In  Europe,  the  maxi- 
mum never  exceeds  85° t- — Arago, 

The  Weed-Sea. — Mar  de  Sargasso. 

"Will  you  be  kind  enough  to  inform 
M.  Arago,  who  recommended,  in  his  In- 
structions J  for  the  Bonite,  an  exami- 
nation, |whether  the  numerous  plants 
(Fncus  natans)  which  are  found  in  the 
open    sea  between   the    tropics,   really 

f  With  deference  to  such  high  authority, 
we  do  not  see  how  these  insulated  experi- 
ments are  definitive  of  the  question  ;  nor 
how  they  subvert  the  facts  given  in  DanieWs 
Meteorological  Essays,  and  whicli  induce 
that  author  to  observe,  "  From  these  facts, 
I  conclude,  that  the  power  of  solar  radia- 
tion in  the  atmosphere  increases  from  the 
equator  to  the  poles." — Ed. 

X  ^See  page  478. 
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vegetate  in  the  middle  of  the  Ocean,  that 
I  had  the  good  fortune,  in  returning 
trom  Cayenne,  some  time  before  our 
second  expedition  to  Iceland,  to  collect 
from  a  tuft  of  this  very  Fucus  at  500  or 
600  leagues  (about  1700  to  2000  miles) 
from  any  shore,  a  bit  of  glass  rounded 
by  friction  (roule).  This  appears  to  me 
to  be  evidence,  that  the  plant  which  con- 
tained it  came  from  an  inhabited  coast, 
and  that  the  same  may  be  said  of  all 
the  rest.  The  bit  of  glass  is  in  the  last 
collection  of  rocks,  &c.  which  I  sent  to 
the  Museum  ;  in  the  'catalogue  will  be 
found  the  latitude  and  longitude  of  the 
spot  in  which  the  fact  occurred,  and 
which  I  thought  it  proper  to  obtain." — 
Robert.  Letter  from  Iceland,  July, 
1836. 

Passive  Patriotism. 

On  the  4lh  of  July  last,  the  Academie 
des  Sciences  deposited  in  their  secret 
archives,  the  model  of  a  portable  mili- 
tary telegraph,  which  may  be  used  by 
night  as  well  as  by  day,  together  with  a 
dictionary  of  signals.  The  inventor  of 
this  machine,  a  M.  Coulier,  did  not 
request  that  it  should  be  submitted 
to  any  scientific  or  official  examination 
by  the  Academy,  but  simply  petitioned 
for  the  above  cryptical  deposition,  in 
order,  that  if  an  occasion  offered  for  its 
useful  employment  in  the  service  of 
the  French  armies,  its  construction 
should  not  be  previously  known  to  the 
enemy  ! 

Electricity  of  Clouds. 

During  the  course  of  the  summer  of 
1835,  the  far  greater  part  of  the  clouds 
were  electric,  and  nearly  all  which  were 
so  were  positive.  1  scarcely  found  ten 
or  twelve  negative  clouds  among  the 
whole  mass  which  passed  over  my  ap- 
paratus. 

This  year  it  is  very  different.  Up  to 
the  present  time  {August)  the  clouds 
have  been  generally  neutral,  and  even 
among  those  that  were  supposed  to  be 
electric  from  their  ashy  colour,  and  their 
scalloped  and  changing  edges,  many  did 
not  disturb  the  repose  of  my  apparatus. 
Those  which  were  ascertained  to  be  elec- 
tric were  nearly  all  negative  ,  at  least 
all  have  been  so  that  I  have  had  an  op- 
portunity of  making  any  observation 
upon  since  March. 

This  opposition  in^  the  electrical  state 


of  the  clouds,  in  different  years,  will  no 
doubt  have  the  effect  of  rendering  the 
problem  to  be  solved  far  more  compli- 
cated. But  this  is  a  very  small  matter, 
compared  with  the  difficulties  which  the 
sudden  or  gradual  changes  produced  by  a 
mass  of  clouds  present.  These  difficulties 
are  such  that  I  have  little  hope  of  solving 
even  a  few  of  them,  compelled  as  I  am  to 
operate  on  far  too  confined  a  scale.  My 
conducting  wires  are  but  about  90  feet 
above  the  surface  of  the  ground,  and  do 
not  penetrate  it  deeper  than  40  feet. 
The  apparatus  is,  therefore,  constantly 
below  the  lower  clouds,  and  receives  the 
electrical  influence  from  them  only.  It 
cannot,  therefore,  interrogate  the  super- 
posed strata  of  clouds,  to  ascertain  what  • 
belongs  to  each,  and  thus  to  obtain  the 
necessary  means  for  the  analysis  of  the 
various  phenomena  which  concur  in  the 
formation  of  tempests.  Operations  must 
be  carried  on  upon  a  larger  scale,  in  a 
country  where  lofty  mountains  would 
facilitate  the  fixing  of  the  apparatus  at 
different  altitudes,  so  that  it  might  indi- 
cate the  electrical  state  of  the  clouds 
which  interchange  their  electricities.  I 
shall  proceed  to  quote  some  observations 
which  may  be  useful  to  those  who  are 
engaged  in  the  same  inquiries,  or  who 
may  intend  to  be  so. 

My  apparatus  consists  of  a  copper 
wire,  lapped  with  silk,  and  covered  with 
several  coats  of  thick  varnish.  The 
higher  end  finishes  with  a  tuft  of  plati- 
num wire,  and  the  lower  one  is  Mso 
of  platinum,  and  is  inserted  in  a  well. 
In  the  middle  is  a  multiplicator  of  3000 
turns  of  varnished  wire,  or  an  electro- 
scope, according  to  circumstances.  The 
electricity  which  forms  the  descending 
current  of  the  wire  being  always  of  the 
same  kind  as  that  of  the  cloud,  a  simple 
indication  of  it  is  always  sufficient  to 
show  that  of  the  latter. 

On  the  2nd,  3rd,  and  8th  of  April 
last,  the  clouds  being  strongly  negative, 
the  deviation  of  the  needle  was  main- 
tained several  times  at  80°  for  four  or 
five  minutes.  During  the  8th,  there 
were  some  great  and  sudden  changes, 
which  produced  deviations  of  90°  in  the 
opposite  direction.  As  similar  reverses 
are  frequent  at  the  moment  of  electrical 
discharges  during  storms,  I  do  not 
doubt,  although  I  did  not  hear  them,  that 
there  were  several  claps  of  thunder. 
Each  time  that  the  negative  deviation 
very  suddenly  increased,  there  followed 
a  shower  of  rime  or  minute  hail.  1  had 
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previously  remarked  several  times  this 
coincidence  with  rain  and  a  sudden  elec- 
trical change  in  clouds.  I  have  this 
year  had  several  opportunities  of  making 
the  same  observation.  The  remainder 
of  the  month,  and  the  whole  of  May,  was 
but  slightly  electric.  The  clouds  rarely 
induced  my  apparatus  to  speak. 

On  the  8th  of  June,  about  4  p.  M.  I 
had  a  descending  negative  current ; 
rain  began  to  fall  at  5.  The  current 
suffered  several  negative  and  positive 
changes.  The  rain-drops  were  not 
affected  in  the  same  manner:  they  con- 
stantly gave  negative  indications  hy  the 
electroscope.  On  the  11th,  the  com- 
raencement  of  a  storm  was  positive,  the 
middle  negative,  and  the  termination 
became  again  positive. 

On  the  16th,  I  was  awakened  at  a 
quarter  past  2  a.  m. — a  storm  was  raging 
on  every  side.  I  ran  to  ray  instruments  ; 
they  indicated  80°,  and  a  descending 
negative  current.  Some  large  flashes 
of  lightning  scarcely  produced  10°  to  1,5° 
of  diminution  in  the  deviation;  at  half- 
past  •*,  the  negative  current  still  giving 
70°,  a  very  large  Hash  occurred,  the 
needle  spun  round  on  its  axis,  and 
settled  at  80"  on  the  other  side  ;  it  stood 
there  thirty  seconds,  and  then  returned 
to  the  70°,  as  before  the  liash.  The 
storm  passed  oiF  about  three-quarters 
past  2,  the  needle  returned  to  zero,  then 
moved  to  the  positive  side,  and  rested. 

In  the  selection  of  instances,  I  shall 
give  the  preference  to  the  one  of  the  21st 
of  July,  becuiuse  the  cloud  which  I  ob- 
served was  of  a  very  limited  extent,  and 
excited  some  hope  that  I  might  ascer- 
tain the  cause  of  these  anomalies.  This 
cloud  had  passed  over  the  apparatus  for 
a  fourth  of  its  length  before  any  indica- 
tion was  produced  ;  at  this  point,  a  de- 
scending negative  current  of  4°  to  5° 
began  to  take  place  ;  it  increased  with 
the  progress  of  the  cloud.  Suddenly, 
the  deviation  ascended  to  70°.  I  there- 
fore predicted  that  the  rain  had  separa- 
ted from  the  cloud,  and  would  shortly 
appear;  this  actually  took  place  in  a  few 
second-s  after.  Daring  the  shower,  the 
current  continued  negative,  and  was  not 
positive  till  the  end  of  it. 

The  showers  on  the  29th  July  gave 
no  electrical  indication. 

Contrary  to  all  preceding  storms,  that 
of  the  4th  August,  at  2  a.m.,  was  posi- 
tive at  first,  and  negative  as  it  continued. 
The  needle  moved  gradually  towards  a 
ma.ximum,   a   Hash    occurred,   and  the 


needle  returned  half-way;  it  then  re- 
commenced its  ascending  progress  until 
the  nexttlash,  which  reversed  its  motion. 
This  progression  coincided  so  closely 
with  the  electrical  changes,  that  I  was 
able  to  decide  that  they  were  simultane- 
ous with  the  separation  of  the  rain  from 
the  cloud.  My  second  apparatus  had  its 
internal  needle  injured  by  the  strength 
of  the  current. 

Finally,  the  last  storm,  that  of  the  6th 
August,  produced  at  least  five  and 
twenty  changes.  It  was  also  negative 
at  the  commencement  and  positive  at 
the  end. 

Though  confined  as  the  sphere  is 
upon  which  I  can  operate  in  my  observa- 
tions, 1  shall  continue  to  seize  every 
favourable  opportunity  of  throwing  light 
on  this  obscure  subject. — Peltier. 

The  State  assisted  by  Science. 

The  intercourse  between  the  French 
government  and  the  Academie  des  Sci- 
ences appears  to  be  very  frequent ;  and 
the  objects  are  of  the  most  interesting 
kind.  The  applications  of  the  Academy 
fur  means,  for  authority,  for  access  to 
documents,  &c.  are  never  disregarded, 
and,  on  the  other  side,  no  branch  of  the 
administration  ever  ventures  to  decide 
upon  a  measure  in  which  the  natural 
and  api)lied  sciences  can  furnish  any 
information,  without  asking  for  in- 
formation, or  soliciting  advice,  from  the 
Academy.  We  have  already  given  one 
instance  at  p.  484.  Here  is  another, 
demanding  a  more  extensive  range  of 
inquiry,  and  an  extent  of  laborious  ex- 
amination and  comparison  which  would 
terrify  many  an  F.R.S.  among  our 
countrymen,  and  induce  him  to  abandon 
his  initials  rather  than  expose  himself 
to  be  so  questioned  and  set  to  work. 

The  Minister  of  Finance  thus  writes 
to  the   Secretary   of  the    Academy : — 

"  Sir, — The  Commission  directed  by 
the  Ordoiinance  of  the  King,  dated  the 
29th  March,  18.36,  to  examine  if  there 
be  any  ground  for  altering  or  modify- 
ing the  conditions  of  Article  219  of  the 
Code  of  Forest-law  relating  to  the  fell- 
ing of  the  woods  of  individuals,  having, 
in  the  sitting  of  the  11th  June  last, 
taken  into  consideration  various  points 
in  statistics,  in  meteorology,  and  ad- 
ministration, were  of  opinion  that  in- 
formation might  be  usefully  requested 
from  the  various  ministers  and  public 
offices,  from  the  prefects,  and  from  the 
Academie  des  Sciences. 
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"  The  minutes  of  this  sitting  which  I 
have  before  me,  contain  instructions  to 
request  of  the  Academy  the  solution  of 
the  following  meteorological  questions  : 

"1.  Are  there  existing  in  France 
thermometrical  observations  from  which 
it  can  be  deduced  that  the  temperature 
is  constant ;  or,  on  the  conti'ary,  that  it 
varies  ?  Does  the  snow  lie  as  long  on  the 
summits  of  mountains  as  it  formerly  did  ? 

"  2.  From  the  earliest  times  described 
in  history  to  the  present,  have  the  sea- 
sons of  harvest,  of  fruit-time,  and  of 
the  vintage,  undergone  any  change? 
Have  they  not  in  some  particular  locali- 
ties ?     Is  rain  more  or  less  abundant  ? 

"  3.  Is  the  fail  of  snow  as  great  as 
during  the  last  century  ?  Is  there  any 
diminution  in  springs  which  can  be  at- 
tributed to  the  felling  of  woods  ? 

"  4.  In  districts  which  were  formerly 
exempt  from  hail,  are  the  effects  of  it 
injurious  at  the  present  day  ? 

"  5.  Has  it  been  observed  that  the 
frequency  of  storms  has  increased  since 
the  destruction  of  the  forests  ? 

".6.  Have  inundations  of  rivers  been 
greater  and  more  sudden  than  before 
the  Revolution  ? 

"  7.  Has  the  direction  of  prevailing 
winds  been  changed  by  clearing  away 
the  woods  ?  Are  they  more  violent  ? 
more  destructive?  more  insalubrious? 

"  8.  Are  the  beds  of  rivers  sensibly 
elevated?  If  they  are,  what  is  the  an- 
nual amount  of  their  rise  ? 

"  I  shall  be  obliged  by  your  submit- 
ting these  various  inquiries  to  the  atteji- 
tion  of  the  Academy  and  its  correspon- 
dents in  the  departments,  and  to  com- 
municate the  result  to  me." 

The  Academy  appointed  a  Commis- 
sion to  carry  the  request  of  the  minister 
into  effect.  This  commission  consists 
of  MM.  Dulong,  Arago,  Gay-Lussac, 
Silvestre,  Girard,  Mirbel,  and  Costaz. 

Easy  solidification  of  Carbonic.  Acid. 
— Extraordinary  artificial  Cold. 

After  having  examined,  in  succession, 
the  various  properties  of  liquid  carbonic 
acid, — its  specific  gravity,  which  is  so 
variable  that  between  32°  and  86°  it 
runs  through  all  the  scale  of  densities, 
from  that  of  water  to  that  of  the  ethers, 
— its  dilatability,  four  times  greater  than 
that  of  air  itself, — the  pressure,  and  the 
weight  of  its  vapour, — its  capillarity, 
and,  above  all,  its  compressibility,  a 
thousand  times  greater  than  that  of 
water,     I    was   induced   to   determine 


exactly  the  uniform  and  constant  law, 
which  connects  these  jihenomena,  and 
which,  at  the  first  glance,  appear  to  be 
quite  independent  of  each  other.  By 
means  of  a  very  simple  apparatus,  I 
can  now  produce  itistantaneously,  and 
with  economy,  lumps  of  solid  carbonic 
acid,  weighing  4  to  |  oz.  troy.  These 
will  probably  be  of  some  utility  in  ex- 
perimental chemistry. 

My  early  experiments  on  cold  were 
made  by  directing  a  jet  of  liquid  car- 
bonic acid  either  upon  the  bulb  of  a 
thermometer,  or  upon  tubes  in  which 
the  substances  intended  to  be  exposed 
to  the  action  of  cold  were  enclosed.  This 
mode  has  the  disadvantages  of  wa'Sting 
a  large  quantity  of  acid,  and  leaving 
some  uncertainty  as  to  the  maximum  of 
cold  produced.  The  abundance  and 
facility  with  which  I  can  now  obtain 
solid  carbonic  acid  has  furnished  me 
with  a  mode  of  experimenting  far  more 
preferable. 

The  bulb  of  a  thermometer  being 
inserted  in  the  centre  of  a  small  piece 
of  solid  carbonic  acid,  the  index  will,  at 
the  end  of  one  or  two  minutes,  become 
stationary,  and  mark  —  130°  F.  (=  162'^ 
below  the  freezing-point). 

A  few  drops  of  ether  or  of  alcohol, 
thrown  upon  the  solidified  mass,  produce 
no  appreciable  modification,  either  more 
or  less,  in  the  temperature.  The  ether 
forms  a  mixture,  partly  fluid,  and  of  the 
consistence  of  sodden  snow ;  but  the 
alcohol  uniting  with  the  solid  carbonic 
acid,  congeals,  and  produces  hard  and 
brilhant  ice,  of  a  demi-transparency. 
This  congelation  of  anhydrous  alcohol 
takes  place  in  the  state  of  union  only; 
if  the  alcohol  be  preserved  isolated  in  a 
silver  tube,  in  the  middle  of  a  mass  of 
solidified  acid,  it  undergoes  no  change  of 
form.  The  mixture  of  alcohol  and  solid 
carbonic  acid  begins  to  melt  at  — 121°  F. 
(=  153°  below  the  freezing-point).  Ar- 
rived at  this  degree,  the  temperature 
sulfers  no  further  change.  So  that  at  this 
extreme  limit,  th^re  may  be  obtained 
a  point  as  fixed  as  that  of  melting  ice. 

If,  after  having  formed  a  little  cup  of 
solid  carbonic  acid,  and  about  ^  oz.  troy  of 
mercury  be  poured  into  it,  the  metal  will 
be  seen  to  congeal  in  a  few  seconds, 
and  to  continue  in  its  new  form  so  long 
as  there  remains  an  atom  of  solid  car- 
bonic acid  ;  that  is  to  say,  during  twenty 
or  thirty  minutes,  if  the  weight  of  the 
cup  be  nearly  Joz.  troy. 

I  have  said  that  the  addition  of  ether 
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or  of  alcohol  does  not  increase  the  actual 
degree  of  cold;  but  by  giving  to  the 
solid  carbonic  acid  the  property  of 
wetting  the  bodies,  and  adhering  more 
intimately  to  their  surfaces,  these  sub- 
stances greatly  augment  the  frigorific 
effect.  One  volume  of  solid  carbonic 
acid,  upon  which  has  been  poured  a  few 
drops  of  ether  or  alcohol,  can  then  con- 
geal 1 5  to  20  times  its  weight  of  mercury. 
The  rapidity  with  which  the  solidifi- 
cation of  the  mercury  takes  place,  the 
mass  which  maybe  acted  upon,  (which, 
with  facility,  may  exceed  half  a  pound,) 
and  the  permanency  of  the  change  of 
form,  (which  may  be  maintained  as  long 
as  desired,  by  merely  taking  the  pre- 
caution to  place  the  metallic  button  on 
a  bed  of  solid  carbonic  acid,)  induce  me 
to  believe  that  Ihis  mode  of  solidifying 
mercury  will  henceforth  be  substituted 
for  those  which  have  been  in  use  to  the 
present  time. Thilorier. 

Frozen  Mercury. 

M.  DuLONG  exhibited  lately  to  the 
Academie  des  Sciences  a  mass  of  mer- 
cury frozen  by  the  process  of  M.  Thi- 
lorier*, which  weighed  about  l^lb.  troy. 
*  See  p.  493. 


Temperature  of  the  Geysers. 

The  temperatures  of  the  Geysers  (hot 
vapour-springs)  in  Iceland,  have  lately 
been  taken  with  great  care  by  M.  Lot- 
tin.  That  of  the  Great  Geyser,  at  about 
80  feet  deep,  was  found  to  be  '257°  Fahr., 
=  45°  above  the  boiling-point.  The 
Small  Geyser,  situated  close  by,  at  about 
50  feet  deep,  gave  232°  Fahr.  Water, 
at  the  surface  of  the  ground,  in  a  small 
hole,  was  found  at  a  temperature  of 
214°. — Robert.  Letter  from  Iceland, 
July,  1836. 

Patent-Law  Grievance.     No.  X. 

The  penalties  inflicted  on  the  inventive 
genius  of  Britain  during  the  present 
year,  up  to  the  25th  ult.,  in  the  shape  of 
government  stamps  and  fees  on  patents, 
amount  to  more  than  £42,000  ! 

N.B.  This  sum  has  been  paid  in 
ready  money  on  taking  the  first  steps, 
and  as  many  of  the  inventors  are  poor 
men,  {Operatives,)  and  a  great  many 
others  of  them  persons  to  whom  it  would 
be  very  inconvenient  to  pay  at  least  £  1 OQ 
down,  they  have  been  obliged  to  go  into 
debt,  or  mortgage  or  dispose  of  their  in- 
ventions, either  wholly  or  in  part,  &c. 
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N.  B. — Tlie  first  Date  annexed  to  each  Patent,  is  that  on  wliich  it  was  sealed  and  granted;  the  second 

that  on  or  before  which  the  Specification  must  be  delivered  and  enrolled. The  abbreviation  Far. 

Cumm.,  signifies  that  the  invention,  Sec,  is  "  a  communication  from  a  forei^'ner  residing  abroad." 


November  cont. 

263.  William  Sneath,  Ison-Green,  Nott., 
Lace-maker ;  for  improvements  in  pro- 
ducing embroidery,  or  ornaments  on  muslins, 
silks,  and  certain  other  fabrics.  Nov.  28. 
—May  28. 

264.  Alexander  Stocker,  Bordesloy 
Iron-works,  and  Henry  Downing,  French 
Walls  Iron-works,  Birmingham,  Warw., 
Gents. ;  for  improvements  in  manufacturing 
rivets,  screw  blanks,  and  other  articles. 
Nov.  29.— May  29. 

Total,  November... 22. 


December. 

265.  David  Nimes  Carvalho,  Fleet-st., 
Loud.,  Bookseller;  for  improvements  m 
propelling  or  moving  vessels,  and  other 
floating  bodies,  on  water,  and  carriages  on 
land,  which  improvements  are  applicable  to 
windmills  and  other  purposes.  Dec.  3. — 
June  3.     For.  Cmnm. 


266.  Robert  Armstrong,  Stonehouse 
Devon.,  Doctor  of  Medicine ;  for  improve- 
ments in  the  water-pressure  engine,  ren- 
dering it  more  generally  applicable  for 
raising  water  and  other  substances,  and  as 
a  motive  power.     Dec.  3. — Jmie  3. 

267.  MosES  Poole,  the  Patent-Office, 
Lincoln's-Inn,  Middx.,  Gent.  ;  for  ma- 
chinerj'  for  a  method  of  generating  power, 
applicable  to  various  useful  purposes.  Dec. 
3.— June  3.     For.  Comm. 

268.  James  Corbett,  Richmond-place, 
Limerick,  Ireland,  Professor  of  Music ; 
for  improvements  in  producing  harmonic 
sounds  on  the  harp.     Dec.  3. — June  3. 

269.  Jacob  Perkins,  Fleet-st.,  Land., 
Engineer;  for  improvements  in  steam- 
engines,  furnaces,  and  boilers,  parts  of 
which  improvements  are  applicable  to  other 
purposes.     Dec.  3. — June  .3. 

270.  George  Sullivan,  Morley's  Hotel. 
Charing-Cross,  Middx.,  Gent. ;  for  im- 
provements iu  machinery  for  measuring 
fluids.     Dec.  3. — June  3.     For.  Comm. 
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271.  Henry  Booth,  Liverpool,  Lane., 
Esq.  ;  for  improvements  in  the  construction 
and  arrangement  of  railway-tunnels,  to  be 
worked  by  locomotive  engines.  Dec.  3. — 
June  3. 

272.  Thomas  Don,  James-st.,  Golden- 
sqr.,  Middx.,  Gent.  ;  for  improvements  in 
preparing  and  drying  grain,  seeds,  or  ber- 
ries, and  for  manufacturing  them  into  their 
several  products,  which  improvements  are 
applicable  to  other  useful  purposes.  Dec. 
3.— June  3. 

273.  William  Bryant  and  Edward 
James,  Plymouth,  Devon.,  Merchants  and 
Co-partners,  being  of  the  people  called 
Quakers  ;  for  improvements  in  the  manu- 
facture of  liquid  and  paste  blacking,  by  the 
introduction  of  incUa-rubber,  oil,  and  other 
articles  and  things.     Dec.  3. — Feb.  3. 

274.  William  Hancock,  Windsor-place, 
City-rd.,  Middx.,  Gent.;  for  improvements 
in  bookbinding.     Dec.  7.  — June  7. 

275.  Henry  Adcock,  Mount-pleasant, 
Liverpool,  Lane.,  Civil-Engineer;  for  im- 
provements in  the  raising  of  water  from 
mines  and  other  deep  places.  Dec.  9. — 
June  9. 

276.  Frederic  Burt  Zincke,  Jun.,  Craw- 
ford-st.,  Marylebone,  Middx.,  Esq.  ;  for 
the  preparing  or  manufacturing  of  a  leaf  of 
a  certain  plant,  so  as  to  produce  a  fibrous 
substance  not  hitherto  used  in  manufactures, 
and  its  application  to  various  useful  pur- 
poses.    Dec.  9. — June  9. 

277.  Samuel  Pratt,  Peckham-rye,  Surry, 
G«nt.  ;  for  improvements  in  the  construc- 
tion of  knapsacks,  portmanteaus,  bags, 
boxes,  or  cases  for  travellers.  Dec.  9. — 
June  9. 

278.  Lemuel  Wellman  Wright,  Man- 
chester, Lane,  Engineer;  for  improve- 
ments in  machinery  or  apparatus  for  bleach- 
ing or  cleansing  linens,  cottons,  or  other 
fabrics,  goods,  or  other  fibrous  substances. 
Dec.  9.— June  9. 

279.  John  Yates,  Limehouse,  Middx., 
for  improvements  in  tram-roads,  or  rail- 
ways, and  in  the  wheels  or  other  parts  of 
carriages  to  be  worked  thereon.  Dec.  9. — 
June  9. 

280.  George,  Marquis  of  Tweeddale; 
for  an  improved  method  of  making  tiles  for 
draining  soles,  house-tiles,  flat  roofing-tiles, 
and  bricks.     Dee.  9. — Feb.  9. 

281.  John  Melling,  Liverpool,  Lane., 
Engineer  ;  for  improvements  in  locomotive 
steam-engines,  to  be  used  upon  railways  or 
other  roads,  part  or  parts  of  which  improve- 
ments are  also  applicable  to  stationary 
steam-engines,  and  to  machinery  in  general. 
Dec.  15. — June  15. 

282.  Richard  Thomas  Beck,  Little 
Stonham,  Suffolk,  Gent. ;  for  an  improved 
apparatus  for  obtaining  power  and  motion, 
to  be  used  as  a  mechanical  agent  generally. 


which  he    intends    to    denominate   Rotse 
Vivce.     Dec.  15. — June  15.     For.  Comm. 

283.  William  Sharpe,  Glasgow,  A^.  B., 
Merchant ;  for  improvement  in  the  treat- 
ment of  cotton-wool,  in  preparation  for  ma- 
nufacturing the  same  into  yarn  and  thread. 
Dec.  15.— June  15.     For.  Comm, 

284.  Robert  Walter  Swinburn,  South 
Shields,  Durham,,  Agent ;  for  improvements 
in  the  manufacture  of  plate-glass.  Dec. 
15. — June  15. 

285.  James  Tarry  Hester,  Abingdon, 
Berks,  Surgeon ;  for  an  improvement  in  the 
constructing  of  chairs.     Dec.  15. — June  15. 

286.  Thomas  Routledge  and  Elijah 
Galloway',  Water-lane,  Lond.,  Gents.  ;  for 
improvements  in  cabriolets  and  omnibusses. 
Dec.  19.— June  19. 

287.  Thomas  Elliott  Harrison,  Whit- 
burn, Durham,  Engineer ;  for  improve- 
ments in  locomotive  engines.  Dec.  21. — 
June  21, 

288.  Andrew  Smith,  Princes-st.,  St. 
Martin's,  Westminster,  Middx.,  Engineer; 
for  improvements  in  the  construction  of 
standing  rigging,  and  stays  for  ships  and 
vessels,  and  in  the  method  of  fitting  or 
using  it,  and  in  the  construction  of  chains 
api^icable  to  various  purposes,  and  in  ma- 
chinery or  apparatus  for  making  or  manu- 
facturing such  rigging  and  chains.  Dec.  21. 
—June  21. 

289.  John  Crighton,  Manchester;  for 
improvements  in  the  construction  of  cylin- 
ders used  in  carding-engines,  employed  for 
carding  cotton,  wool,  silk,  and  other  fibrous 
materials.     Dec.  21. — June  21. 

290.  James  Potter,  Manchester,  Lane., 
Cotton-spinner ;  for  improvements  in  spin- 
ning-machinery.   Dec.  21. — June  21. 

291.  John  Swindells,  Manchester, 
Lane.,  Manufacturing  Chemist ;  for  im- 
provements in  the  process  of  effecting 
the  decomposition  of  muriate  of  soda  or 
common  salt.     Dec.  21. — June  21. 

292.  George  Houghton,  High  Holborn, 
Middx.,  Glass  Merchant ;  for  improve- 
ments in  the  construction  of  lamps.  Dec. 
21. — June  21.     For.  Comm. 

293.  Stedman  Gillett,  Guildford-st., 
Gent,,  and  John  Chapman,  Paddington, 
Merchant,  Middx. ;  for  improvements  in 
that  description  of  vehicles  called  cabs. 
Dec.  21.— June  21. 

294.  William  Gossage,  Stoke  Prior, 
Wore.,  Chemist ;  for  improved  apparatus 
for  decomposing  common  salt,  and  for  con- 
densing and  making  use  of  the  gaseous  pro- 
duct of  such  decomposition,  also  certain  im- 
provements in  the  mode  of  conducting  these 
processes.     Dec.  24. — June  24. 

295.  Bennet  WooDCROFT,  Mumps,  Lane., 
Gent.  ;  for  an  improved  mode  of  printing 
certain  colours  on  calicoes  and  other  fabrics. 
Dec.  24.— June  24. 


Complete  thaw  ;  small  raiu ;   Even,  cloudy  &  close. 
High  temperature;  cloudy;  great  depos.  of  moisture. 
Cloudy;  5  p.m.  violent  squall,  hail,preced.  by  lightning. 
Overcast,  scanty  rain,  generally  gloomy.  [&  lightning. 
Rain  at  Night;  cumuli,cum.-str.,Sinim.  /light  rain,hail, 
Hoar  frost;  Hue  cumuli ;  5  p.m.  a  dark  nimbus,  with 
Much  rain ;  fine  loose  cumuli,  [rain&hail ;  clear  Even. 
Ditto  ditto  ;  cirro-cum.  a.m.  ;  Afternoon  cloudless. 
Cirro-cum.,-  mild  and  windy  ;  Night,  wind  and  rain. 
Nimbi  and  cumuli,  with  showers. 
Rainy,  damp ;  Evening  slightly  misty,  calm. 
Stratus,  dense  fog  till  9  a.m.  ;  after.  fine,mild ;  cir.-str. 
Rain  &  wind,  overcast;  cirro-stratus  &.  scud,  [atnight. 
Fine,  air  drier ;  fine  clear  Evening. 
Clear  a.m.  ;   Afternoon  ovei'cast ;  cirro-stratus. 
Cloudy  in  general ;  Night,  small  rain  with  wind. 
Fine  cirrus  ;  Evening,  some  light  rain,  windy. 
Fine  a.  si.  ;  cirri  in  patches  ;  clear  Evening. 
Hoarfrost  p.m.,  cloudy  with  showers;  Evening  windy. 
Scud,  fair;  Evening  and  Night  clear.            [and  rain. 
Foggy,  with  stratus  ;  cloudy  at  niglit,  with  scanty  rain. 
Stratus  and  mist ;  Night,  wind  and  rain. 
Wind  very  high ;  scud  and  loose  cumuli. 
Loose  cumuli  and  scud  ;  clear  frosty  Night. 
Cirro-cum.  from  N.  W. ;  dense  stratus  ;  rain  at  niglit. 
Misty  and  close,  very  damp,  rain  ;  warm  Night  with 
Scud;  high  wind  at  Night.                                    [wind. 
[Evening,  lightning. 
Stormy;  extremely  violent  between  1 1  a.m.  &  2  r.      ; 
Rainy  and  misty  ;  strntw  ;  a  calm. 
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'  ^•''      h  bodies,  classification  of,  12G 
j\n.         Desert  Sahara,  recent  account  of. 

Air,  when  favourable  to  evaporation,  128 
Alcohol,    stationary    temperature   of,    on 

heated  metals,  1 72 
Almanacs,  scientific,  noticed,  417  to  43G 

Annuuire  of  the  Bureau  des  Longi- 
tudes, 432 

Arago,  M.,  his  contributions  to  the 

i     Annuaire,  433 

-^ Astrological  (note),  417 

Astronomical  Society,  the,  420 

:: Astronomisches  Jahrbuch,  428 

' British  Annual,  contents  of,  434 — 43G 

British,  character  of,  432 

Connaissance  des  Terns,  419 

Ecole  poly  technique,  candidates,  43G 

Equinoctial   line  explained  (note), 

423 

French  elementary  scientific  works 

(note),  433 

Gregory,  Dr.  Olinthus,  431 

Maskelyne  and  Meyer,  419 

Moon-culminating  stars  (note),A2b 

Moore  and  Partridge,  417 

Nautical,  appendix  to,  426 

Nautical,  contents  of  the,  422  to  426 

Nautical,  execution  and  price  of  the, 

420 

Nautical,  object  of  the,  420 

Nautical,  origin  of  the,  419 

Nautical  and  Connaissance  des  Terns 

compared,  427 

Object  of,  417 

Paris,    meteorological    observations 

at  (note),  428 

Popular,  proper  contents  of,  432 

Universities,  European,  436 

Universities,  Scottish,  professorships 

in,  436 

White's  Celestial  Atlas,  contents  of, 

430 

Alum  crystals,  prefer  a  wooden  to  a  glass 

nucleus,  300 
Alum  crystallization,  experiments  in,  300 
America,  extension  of  Science  in,  296 
Amber,  whence  derived,  324 
Ampere,  M.,  death  of,  169 
Antwerp,  geology  of,  68 
Arago,  M.,  Questions  by  for  solution,  381 

to  397,  469  to  479. 

Asteroids,  trains  of,  393 

Aurora  Borealis,  394 

Barometer,  diurnal  variations  of,  358 
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i  Barometer,  mean  height  of  the,  383 

Influence  of  winds  on  the,  383 

Biot,  M.,  on  the  phenomena  of  tha 

sea,  469 

Currents,  cause  of,  471 

the  most  remarkable,  471 

Atlantic  and  the  Pacific,  com- 
munication between,  474 

Falling  stars,  hundreds  of  thousands 

in  America,  392 

Falling  stars,  391 

Halos,  cause  of,  396 

Lightning,  390 

Luminous  Meteors,  390 

Intensity,  Magnetic,  observations  on, 

389 

Magnetic  Needle,  diurnal  variations 

of  its  declination,  387 

Magnetic  Needle,  inclination  or  dip 

of,  388 

Magnetism,  387 

Magnetism,  problem  in,  388 

Marine  currents,  471  to  478 

Meteorological  observations,  387 

Rain  ui  a  c!  jar  sky,  386 

Rain,  observations  on,  385 

Rainbow,  phenomenon  of  the,  395 

Sea,  phenomena  of  the,  469 

Sea-water  from  great  depths,  469 

Sea  of  weeds,  or  Sargasso,  478 

Theraial  Springs  :  Aix,  in  Provence, 

381 

Trade  winds,  396 

Winds  39G 

Zodiacal  light,  393 

Arago,  M.,  on  the  Solar  Rays,  490 

M.,  on  the  Spectrum,  485 

Areas,  instantaneous  calculation  of,  489 
Asia,  Central,  new  map  of,  322 
Astronomy,  popular  Course  of  98  to  110, 

311  to  319,  349  to  361,  456  to  464 

Astronomical  clocks,  361 

Celestial  meridian,  104 

Chronometers,  uses  of,  108 

Day  and  night,  the  seasons,  349  to  355 

Day|and  night,  alternation  and  varia- 
tion of,  356 

Declination  circles  defined,  103 

Distance  of  the  sun  from  the  earth, 

to  find,  461 

Divisions  of  time — true  time — mean 

time,  356  to  361 

—  Earth,  annual  motion  of  the,  355 

—  Earth,  axis  of  the,  102,  107,  352 

—  Earth,  equator  of  the,  103 

—  Earth,  impulse  given  to  the  (note), 
317 
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Astronomy,  popular  Course  of  (conf. ) 

Eartl),  motion  of  the,  98,  99,  107 

Earth's  orbit,  dimensions  of  the,  461 

Earth's  orbit,  elliptical  form  of  the, 

450  to  461 

Earth's  orbit,  plane  of  the,  462 

• Earth,  position  of,  in  space,  31 1 — 461 

Ecliptic,  the,  314 

Eclipse,  characteristic  of  the,  458 

Equation  of  time,  360 

Equinoctial  circle,  the,  103 

Equmoxes,  vernal  and  autumnal,  354 

Gravity,  force  of,  on  the  earth,  99 

Greenwich  meridian,  the,  108 

Heavens,  hypothetical  revolution  of 

the,  101 

Heavens,  phenomena  of  the,  311 

Heavens,  sphere  of  the,  311 

Hypotheses,  probability  of,  317 

Jupiter,  apparent  motion  of,  312 

Kepler's  Liws,  456 

Latitude,   methods   of  determming, 

105,  106 

Liglit,  aberration  of,  319 

Light  and  darkness,  explanation  of, 

353 

Liglit,  phenomena  of,  and  the  earth's 

motion,  318 

Longitudes,    mode   of  determining, 

107,  108,  109,  110. 

Meridian,  revolution  of  the,  313 

Moon,  course  and  rapid  motion  of 

the,  312 

Noon,  true,  a  mean  of,  358, 359,  360, 

Pole  of  the  heavens  and  polar  and 

circum-polar  star,  105 

Poles,  north  and  south,  the  sun  at, 

354 

Problem  of  the  heavens,  311 

— —  Rays  of  light  and  lieat,  353 

Seasons  of  the  year,  changes  of,  350, 

351 

Seasons,  phenomena  of  the,  456 

Sidereal  day,  361 

Sidereal  and  mean  solar  time,  108, 

109 

Solar  day,  the,  356—358 

Solar  and  mean  time,  to  find,  361 

Solar  and  sidereal  day,  313 — 356 

Solar  time — sidereal  time,  355,  356 

Solar  time,  mean,  358 

Solar  year,  the,  313 — 316 

Solstices,  the,  359 

Star,  declination  of,  104 

Stars,  apparent  motion  of  the,  98 

Stars,  right  ascension  of,  103 

Stars,  fixed,  distances  and   magni- 
tudes of  the,  101 

Summer  and  winter  illustrated,  354 

Sun,  the  apparent  daily  motion  of 

eastward,  313 

Sun,  apparent  motion  of  the,  312 

Sun's  course  in  the  heavens,  313 

Sun's  declination,  to  determine,  314 

Sun's    declination-circle,    to    find, 

314 


Astronomy,  popular  Course  of  (cont.) 

Sun,  distance  and  bulk  of  the,  316 

Sun,  light  and  heat  of  the,  349 

Sun  and  Moon,  their  apparent  mo- 
tion round  the  earth,  314 

Sun,    Moon,  and  Planets,    position 

and  motion  of  the,  312 

Sun,  transit  of  the,  109,  110 

Terrestrial  meridians,  107 

Time,  three  methods  of  measuring, 

360 

Tycho    Brahe's    hyijothesis  on   the 

revolution  of  the  sun,  310 

Zenith  and  Nadir,  the,  1 04 

Zodiac,  the,  312 

Atmosphere,  high  electrical  state  of  the,  78 

how  water  is  raised  in,  129 

Aurora  Borealis,  apparent    coimexion  of 

with  rain,  wind,  &c.,  404 

hypothesis  respecthig,  247 

Baily,  Mr.  Francis,  honour  to,  483 
Barbel  killed  by  cold,  329 
Beetle  Stones,  origin  of,  328 

Belgium  benefited  by  the  culture  of 
science,  07 

geology  and  mineralogy  of,  63,  64 

mines  of,  67 

progress     and     state    of    science 

in,  58 

scientific  congress  at,  328 

Bell,  the  Kremlin,  lifting  of  the,  406 
Bernice,  M.  de,  his  chemical  researches,  62 
Benoit  and  Nyst,  MM,,  on  the  geology  of 

Belgium,  67 

Berchtsgaden,  salt-mines  of,  16 

Berlin  University,  the,  169 

Bible,  first  section  of  the,  philosophically 
surveyed,  467 

Biot  and  Newton,  404 

Birds,  North  American,  migration  of,  240 

Boiling,  or  ebullition,  example  of,  127 

Boiling-point  of  a  liquid,  128 

Books,  the  best  English,  reprinted  in 
America,  296       * 

Book-trade  of  England  and  Germany,  sta- 
tistics of,  320 

Botanical  rambles  near  Dovor,  69,  111 

Botanical  Society,  new,  321,  409 

Bottles  sunk  in  the  sea,  322 

Boube'e,  M.,  on  a  gratuitous  institution  for 
practical  naturalists,  170 

Bournand,  M.  H.,  on  the  Hour-glass,  346 

Bowdich,  Dr.,  his  translation  of  Laplace, 
296 

Brabant,  M.  Galeotte  on  the  geology  of,  68 

Bridgewater  Treatise  by  Dr.  Buckland, 
reviewed,  337  to  348 

British  Association,  sixth  meeting  of,  an- 
nounced, 72 

sixth  meetmg  of,   reported,    132  to 

165 

Animal   and    vegetable    substances, 

Dr.  Macartney  on  preserving  152 

Annual  address,  179 

Arsenic,  experiments  for  detecting, 

by  Mr.  Herapath,  150 
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Atmosphere,  substances  in  the,  by 

Mr.  VV.  West,   150 

Aurora  Borealis,  by  Mr.  Herapath, 

Blastin;?  rocks,  Dr.  Hare  on,  149 

Brain,  Dr.    Prichard  on  diseases  of 

the,  168 

Bristol,  choice  and  advantages  of,  1.32 

Bristol,  popular  education  in,  by  Mr. 

Tripp,  103  '    ^ 

Caoutchouc,  Professor  Boyle  on,  IGO 

Chemical   Constants,   by    Professor 

Johnston,  150 

Chemistry  and   mineralogy,  papers 

read  in,  140 

Conversazione  suggested,  183 

Corn  and  population,  Baron  Dupin 

on,  161 

Course  of  the  proceedings,  178 

Cow-fish,  River-cow,  Dr.   J.  Han- 
cock on,  160 

Crystals,   artificial,  by  Mr.    Crosse, 

155,  182 

Devonshire,  geology  of,   by  Messrs. 

Sedgwick  and  Murchison,  152 

Earth,   interior  temperature  of,  by 

Professor  Phillips,  147 

France,  prices  of  com  in,  162 

Gases,  certain,  Dr.  C.  Henry  on,  160 

General  Committee,  133 

Gluten,  Mr.  W.  C,  Jones  on,  151 

General  officers,  list  of,  133,  254 

Geology  and  Geography,  papers  read 

in,  141 

Herschel,  Sir  .John,  his  discoveries 

at  the  Cape  of  Good  Hope,  164 

■ India,  Colonel    Sykes  on   the  pro- 
ducts of,  162 

Investigation  recommended  by,  354 

Lithic  acid,  Mr.  Herapath  on,  151 

Mathematics,  new  theorem   in,    by 

Mr.  Jcrrard,  145 

Hamilton,  Sir  W.,  on  Mr.  Jerrard's 

new  theorem,  145 

Peacock,  Mr.,  on  Mr.  Jerrard's  new 

theorem,  146 

Mathematics   and    physics,    papers 

read  in,  139 

Mechanical  science,  papers  read  in, 

143 

Medical  science,  papers  read  in,  143 

Members  enrolled,  138 

Metalliferous    veins,    Mr.    Fox  on, 

154,  182 

Mineral  waters  and  hot  springs.  Dr. 

Daubeny  on,  182 

Models  and  machines,  exhibition  of 

suggested,  180 

North  American  Zoology,  Dr.  Ri- 
chardson on,  159 

Object  of  the  meeting  not  explained, 

178 

Popularity  of  the  meetings,  181 

Programme  of  the  business,  137 

Railroads,  Dr.  Lardner  on,  158 
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Railroads,  Professor  Moseley  and  Dr. 

Lardner  on  the  theory  of,  148 

Reception  of,  at  Bristol,  166 

Refractive  Indices,  Professor  Powell 

on,  149 

Reports  of  the  proceedmgs,  179 

Reports  of  the  sections,  180,  182 

Scheme  of  the,  134 

Sections,  officers  of,  133 

Section  A.  papers  read  in,  139 

Section  B.  papers  read  in,   140 

Section  C.  papers  read  in,  141 

Section  D.  papers  read  in,  141 

■  Section  E.  papers  read  in,  142 

Section  F.  papers  read  in,  143 

Section  G.  papers  read  in,  143 

Seventh  meeting  announced,  165 

Sittings  terminated,  165 

Statistics,  papers  read  in,  143 

Steam-communication  with  America 

and  India,  Dr.  Lardner  on,  156 

Sugar  from    flowers,    by  Professor 

Henslow,  152 

Sessional  Journal  suggested,  323 

Suljjhuric  acid  and  water,  combined, 

by  Dr.  Thomson,  151 

Tides,  Messrs.    Lubbock  and  Whe- 

well  on,  144 

Traction  on  canals,  Mr.  Russel  on, 

147 

Treasurer's  report,  136 

Zoology  and  Botany,  papers  read  in, 

141 

British  Letters-Patent  Amendment    Bill, 

abstract  of,  74 
Brussels,  Royal  Academy  of.  Sciences  at, 

report  of,  58 
Buckland's,  Dr.,  Bridgewater  Treatise  on 

Geology  and  Mineralogy,  reviewed,  337 

to  348 

Agencies  of  changes,  340 

Bridgewater  Treatises,  object  of  the, 

339 

Chain  of  organized  beings,  connexion 

of,  343 

Crustacea,  extinct,   new   facts    re- 
specting their  eyes,  342 

Discoveries  of  pre-existing  organized 

beings,  340 

Dodo,  extinction  of  the,  344 

Fossil  plants,  numerical  proportion 

of,  344 

Geology  and  astronomy,  341 

attractions  of,  341 

outline  of,  wanting,  341 

Globe,  original  state  of  the,  340 

Humility  of  man,  342 

Hypotheses  and  facts  in  geology,  339 

Lindley,  Professor,  his  experiments 

on  plants  in  water,  345 

Mosaic  cosmogony,  the,  339 

Noachian  deluge,  the  (note),  339 

Organic  structure,  simple  and  com- 
plicated, 344 

Pacliydermata,  fossil  genera  of,  343 
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Bucldand's,  Dr.,  Bridgewater  Treatise. 

Phillips,    Professor,    on    legitimate 

geology,  339 

ReliquicB  Diluviana,  publication  of 

the,  337 

Saurian  reptiles  and  fishes,  ichthyo- 

saurians,  and  pterodactyli,  343 

Species,  successive  creation  and  ex- 
tinction of,  344 

Bug-destroying  made  easy,  329 

Buddie,  Mr.,  his  present  to  the  Newcastle 

Natural  History  Society,  325 
Caldcleugh,  Mr.  A.,  his  description  of  the 

great  earthquake  at  Chile,  279  to  284 
Caldcleugh,  Mr.,  A.  his  description  of  the 

eruption  of  Coseguina,  284 
Calomel,  on  the  danger  of,  410 
Carbonic  acid,  easy  solidification  of,  493 
Caspian  Sea,  level  of  the,  413 
Cast-iron,  proportion  of  carbon  in,  321 
Cerealia,  new  method  of  cultivating,  242 
Chasteler,  the  Marquis  du,  and  the  Abbe 
Mann,  on  the  political  economj'  of  Bel- 
gium, 82 
Charter  of  the  London  University,  479  to 

482 
Chile',  great  earthquake  in,  279  to  284 
Civil  Engineers'  London  Institution,  dona- 
nation  to,  169 
Chemistry,  a  popular  Course  of,  41  to  62, 
183  to  191,  288  to  295,  362  to  370. 

Acids,  action  of  upon  metals,  48 

Aeriform  or  gaseous  bodies,  183 

Affinity,  41  to  52 

Alchemists,  experiments  of  the,  51 

Alkalies  and  acids,  47 

Amalgam,  44 

Apparatus  for  experiments,  42 

Aqua  regia,  formation  of,  292 

Atmospheric  air,  191 

Attraction,  chemical,  43,  46 

Mechanical,  42 

Heterogeneous,  43 

Attraction  of  cohesion,  45 

Balloon,  attraction  and  utility  of  the, 

366 

Balloons,  hydrogen  and  carburetted 

hydrogen,  366 

Balloons,  fire  and  air,  366 

Cavendish,  Mr.,  his  discovery  of  the 

composition  of  water,  369 

Chemicals,  former  prices  of,  41 

Chloride  of  gold,  292 

Chloride  of  lime,  293 

Chlorides  of  manganese  and  sodium, 

292 

Chlorides,  production  of,  291 

Chlorine,  bleaching  properties  of,  293 

Chlorine,  its  nature,  288 

■ Chlorine  and  antimony,  experiments 

with,  291 
•^—  Chlorine,  aqueous  solution  of,  292 
• Chlorine  in  calico-printing.  47 

Chlorine  and  cold  water,  291 

■ Chlorine,  to  collect,  288 

Chlorine,  combustion  in,  290 


Chemistry,  a  popular  Course  of  (cont. ) 

Chlorine,  discovery  of,  295 

Chlorine  an  element,  295 

Chlorine,  its  greenish-yellow  colour, 

290 

Chlorine,  nature  and  properties  of, 

291 

Chlorine,  origin  of  the  name,  295 

Chlorine,  specific  gravity  of,  295 

Colour  produced  by  chemical  agents, 

47 

Combustion,  phenomena  of,  369 

Copperas,  use  of,  in  dyeing-leather,  48 

Distilled  water,  easy  mode  of  pro- 
curing (note,)  48 

Double  decomposition,  example  of,  53 

Dutch  gold  in  chlorine,  291 

Experiments  in,  41, 

Gases — hydrogen,  362  to  370 

Gas,  to  collect,  186 

Guyton     Morveau's     preservative 

phials,  294 

Hydrogen  to  collect,  363 

Hydrogen  to  evolve,  362 

Hydrogen,  inflammability  of,  363 

Hydrogen,  light  from,  363 

Gases,  prices  of  the,  184 

Gas,  to  transfer,  187 

Gases— chlorine,  288  to  295 

Fumigation  with  chlorine,  294 

Gold  and  mercury,  experiment  with, 


44 


Green  flames  in  theatres,  59 

Hydrogen  balloons,  365 

Hydrogen  experiments,  explosion  in, 

364 

Hydrogen,  levity  of,  364,  366,  367 

Hydrogen,  musical  sounds  from,  367 

Hydrogen,    preparatory    manipula- 

lations  for  obtaining,  362 

Hydrogen,  weight  of,  367 

Ink,  soda-water,  and  glass,  examples 

of  chemical  attraction,  46 

Iron  converted  into  copper,  50 

Laboratory,  to  keep  in  order,  290 

Lead  and  tin,  experiment  with,  43 

Lightning,  artificial,  46 

Mechanical  aggregation  against  che- 
mical affinity,  291 

Metal-work  tarnished    by  chlorine, 

294 

Milbank  Penitentiary,  fumigation  of 

the,  295 

-  O  xygen,  alkalies,  and  metallic  oxides, 

Nitrate  of  iron,  50  [189 

Nitrates  of  silver  and  copper,  49 

Nitre,  formation  of,  51 

Nitric  acid,  formation  of,  52 

Oxygen  and  combustion,  190,  295 

Oxygen,  discovery  of,  191 

-  Oxygen    gas,    apparatus     for    pro- 
ducing, 184 

-  Oxygen  and  charcoal,  190 

Oxygen  and  chlorine,  compared,  288 

-  Oxygen  and   manganese,   combina- 
tions of,  191 
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Chemistry,  a  popular  Course  of  (cont.) 

Oxygen  and  ijhosphorus,  189 

Oxygen  and  potassium,  189 

Oxygen  and  respiration,  191 

Oxygen,  taper  in,  188 

Oxygen  and  vegetable  colours,  189 

Oxygen,  weight  of,  188 

Oxygen  and  hydrogen,  experiments 

with,  365 

Paper  bleached  by  chlorine,  294 

Permanent  ink,  49 

Phosphorus  in  chlorine,  291 

Platinum  and  mercury,  amalgam  of, 

45 

spongy,  45 

Pneumatic,  183 

Pneumatic     trough     for     collecting 

gases,  185,  186 

Potassium,  experiments  with,  51,  369 

Potassium,  prices  of,  42 

Priestley's  philosopliical  candle,  363 

Priestley's  pneumatic  apparatus,  183 

Scheele's  phlogiston,  295 

Silver  and  nitric  acid  experiment,  48 

Silvering  looking-glasses,  45 

Soap-bubbles,  to  charge  with  hydro- 
gen, 336 

Soda  and  tartaric  acid,  47 

Spirit  and  water,  experiment  with,  43 

Spontaneous  combustion  in  chlorine, 

291 

Sulphate   of  potash,  and  nitrate  of 

lead,  52 

Tangible  bodies,  183 

Tanning,  art  of,  47 

Turkey-redhandkerchiefs,dyeing,293 

Water  decomposed  by  metals,  369, 370 

Water,  formation  of,  by  hydrogen 

and  oxygen,  368 

Water  produced  from  a  candle-flame, 

369 

Water-gilding,  44 

Water-lute,  187 

Writing  ink  destroyed  by  chlorine,  294 

Zinc,  to  granulate,  362 

Chlorine,  advantage  of,  in  the  conversion 

of  iron,  405 
Clock,  atmospherical  (note,)  407 
Clouds,  beautiful  structure  of,  131 

Classification  of,  132 

Electricity  of,  491 

Formation  of,  131 

Coals,  wanton  destruction  of,  333 
Coke,  a  nucleus  for  alum-crystals,  299 
Cold,  artificial,  extraordinary,  493 
Colours  of  crystals,  to  preserve,  301 
Combe,  application  of  the  term,  322 
Comets,  nomenclature  of,  483 
Congress,  French,  scientific,  412 

Scientific  in  Belgium,  328 

Cornwall   Royal  Polytechnic  Society,  an- 
niversary of,  181 
Coseguina,  recent  eruption  of,  284 
Cotta,  Dr.,  on  the  granite  of  Saxony,  450 
Crayons  and  pencil-points,  improved  com- 
positions for,  169 


Crystal  baskets,  to  keep,  301 
Crystallization,  remarks  on,  299 
Crystals,  to  colour,  301  " 

Decandolle  and  Goethe,  486 
Dew,  formation  of,  130 
Diamond-making  anticipated,  413 
Discourse  on  the  Mathematical  Sciences 

in  France,  257  to  266 
Ampere,  Arago,   Biot,    Savart,  and 

Savary,  MM.  on  dynamic  electricity,  265 
Animals,    interior    temperature   of, 

266 

Astronomers,  celebrated,  261 

'  Astronomy,  theoretical,  262 
Attraction  of  homogeneous  ellipsoids,^ 

258 

Beautemps-Beauprd,  M.,  262 

Becquerel,    M.,    on  electricity   and 

galvanism,  265 

Bettancourt,  M.,  260 

Breschet,  M.,  266 

Brochant,  M.,  264 

Cadastre,  le,  263 

Cadastre,  le  Geologique,  264 

Coraboeuf,  Colonel,  263 

Corancez,  M.  de,  259 

Coriolis,     Duhamel,   Liouville,    and 

Sturm,  MM.,  259 
Coulomb    and   Poisson,    MM.,    on 

electric  statics,  265 

Daussy,  M.,  262 

Dufresnoy,  and  Elie  de  Beaumont, 

MM.,  264 

Dutrochet,  M.,  266 

Ecole  Polytechnique,  celebrated  stu- 
dents of  the,  261 
Engineers,  civil,  military,  and  naval, 

260 

Flourens,  M.,  266 

Fourier,  M.,  257,  265 

France,  geological  map  of,  264 

France,  new  map  of,  262,  264 

France,  nouvelles  comparaisons,  geo- 

desiques,  et  astronomiques,  de  la,  263     ' 
France,     nouvelle    description    geo- 

metrique,  de  la,  263 
Halley's  comet,    Pont^coulant   and 

Arago  on,  262 

Hydrography,  263 

Ingtnieurs  geographes,  corps  of,  263 

Laplace,  M.  de,  262 

Lavoisier,  M.,  264 

Legendre,  M.,  257 

Libri,  M.,  258 

Magendie,  M.,  266 

Mathematics     applied    to     natural 

science,  266 

Melloni,  and  Biot,  MM,,  on  heat,  265 

Navier,  M.  257 

Observatory  of  Paris,  the,  261 

Pilote  Franfais,  atlas  of  the,  262 

Poinset,  M.  259 

Poisson,  M.  258,  268 

Pont^coulant,  M.,  262 

Prony,  M,  de,  259 

Puissant,  M.,  263 
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Discourse  on  the  Mathematical  Sciences 
in  France  (cont.) 

Rancourt,  Changey,  Poncelet,Lebros, 

Piohcrt,    JVIorin,     Cerizy,   and    Lchas, 
261 

Roues  a  la  Poncelct,  2G0 

Thiloricr,  M.,  265 

Discs,  fusible,  on  steam-boilers,  484 
Dover,  botanical  rambles  near,  69,  111 

• Castle-cliff,  plants  under,  6!),  Ill 

Drugs,  costly,  substitute  for,  412 
Drying  wind,  effect  of,  128 
Duhamel,  M.,  on  the  height  of  waves,  490 
Dumont,  M.,  on  the  geology  of  Liege,  69 
Dupin,  Baron,  his  Discourse  on  the  Mathe- 
matical Sciences  in  France,  257  to  266 
Earth,  great  central  heat  of  the,  411 

the,  and  solar  heat,  411 

Earthquake,  great,  in  Chil^,  in  1835,  de- 
scribed, 279 

Activity  continued,  287 

Atmospheric  changes  after,  283 

Bays,  elevation  6f  their  strata,  281 

Boca  Chica  swallowed  up,  281 

Cattle  destroyed,  296 

Commencement  of  280 

• Concep9ion   Bay  and   Santa  Maria 

Isle,  elevation  in,  282 

Cordillera,  volcanoes  of  the,  280 

— —  Early  effects  of,  2^1 

— — •  Earthquakes,  frequent,  effect  of,  284 

American  continent,  modern  oiugin 

of,  284 

Central  America,  geological  disturb- 
ances in,  284 

Commencement  of,  285 

Coseguina,  volcano  of,  280 

Thermometer  and  barometer,  heitrlit 

of,  279  ^ 

Isla  del  Rey,  281 

Island  thrown  up,  286 

Juan  Fernandez,  283 

Latitude  and  height  of  Coseguina,  287 

Limits  of  the  oscillations,  283 

Nacaome,  dismay  at,  286 

Nuevo  Bilbao,  and  Valparaiso,  the 

sea  at,  282 

Pacific  Ocean,  agitation  of  the,  283 

Prognostics  of,  279 

Pumice,  floating,  287 

Rain  and  ashes,  fall  of,  287 

Reports  to  the  Government,  285 

San  Tom^  and  Quiriquina,  281 

San  Vincente,  smoke  and  whirlpool 

in,  281 

Sand  and  black  ashes,  fall  of,  286 

— Shock  at  San  Antonio  Realjo,  285 

Shocks  in  South  America  since  1800, 

279 

Southern  provinces,  ruin  in,  283 

Talca  and  Conception,  281 

Tomboro  in  Sumbaya,  287 

Volcanoes  in  activity,  280 

Waves  of,  281 

Egyptian    Mummy,  unrolling  of  one   de- 
scribed, 17  to  40 


Egyptian  Mummies^  facts  relating  to. 

Bandages   of    Egyptian    Mummies 

examined,  28 

Bari,  or  boat  of  the  sun,  Egyptian,  35 

Boats  used  at  the  Egyptian  funerals, 

British     Museum,      Egyptian    an- 
tiquities in,  40 

British  Museum,  Mummies  in,  29, 30 

Bi'itish     Museimi,     Egyptian    sar- 
cophagi in,  32 

Bull,  sacred,  on  an  Egyptian  Mum- 
my-case, 34 

Burton,  Mr.,  Egyptian  Mummy  from 

his  collection,  32 

Cases,  error  respecting,  31 

Cases,  paintings  on,  31 

■ Coffins,  mummies  in,  31 

ChampoUion,  M.,  his  notices  of  an 

Egyptian  tomb,  21 

Children,  mummies  of,  rare,  32 

Colchester,    Lord,  Peruvian   mum- 
mies brought  home  by,  29 

Cotton  and  flax,  microscopic  exami- 
nation of,  29 

Davidson,  Mr.,  on  Egyptian  mum- 
mies, 23,  28,  29,  30 

Didorus  Si'culusonEgyptianfunerals, 

Diodorus  Siculus  on  embalming,   19 

Egypt,  ancient,  lost  literature  of,  .33 

Egypt,  embalming  the  dead  in,  18,19 

Egyptians,  ancient,  customs  of  tlie, 

noticed,  17  to  40 

Egyptians,    ancient,  monuments  of 

the,  33 

Egyptians,     animals   embalmed   by 

the,  32 

Egyptians,  their  funeral  ceremonies, 

20,  21,  22 

Egyptians,  their  high  sense  of  jus- 
tice, 26 

Embalmers,  prayers  of,  20 

Embalming,  account  of  the  process 

of,  19,  22 

Enchorial  writing,  33 

Faraday,  Mr.,  on  crystals  found  in  a 

mummy,  26 

Funeral  boat  described,  21 

Gilding  and  ornamentmg  mummies, 

27 

Gold  on  mummies,  27 

Grseco-Egyptian  Mummies,  25 

Granville,    Dr.,    mummy    unrolled 

by,  27 

Hair  on  mummies,  32 

Herodotus   on    Egyptian    embalm- 
ment, 22 

Hieratic  writing,  Egj-ptian,  33 

Hieroglyphics,  Egyptian,  specimens 

of,  33,  34,  30,  37 

Horseisi  and  Ivannop,  mummies  of, 

25 

Mummies,  insects  found  in,  23 

Mummies,  Peruvian,  29 

Mummies  used  in  medicine,  18 
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Egyptian  Mummies  (cont.) 

Mummies  of  various  nations,  32 

Munmiy-elotli,  texture  of,  28 

Nepte,    figure    of,    on    a    mummy- 
case,  34 

Nilometer,  supposed  representation 

of  the,  34 

Osiris  and  Amsati,  worsliip  of,  35 

Osiris,  figure  of,  on  a  mummy-case, 


34 


Osiris,  Mummy  of,  unrolled,  39 

Osiris,  various  modes  of  spelling,  38 

Papyri,  Egyptian,  iuscriptions  on,  33 

Papyri,  judgments   represented  on, 

22 

Passalacqua,  Signor,  mummy  dis- 
covered by,  21,  27 

Perry,    Dr.,    mummy    brought    to 

England  by,  25 

Portrait  found  upon  a  mummy,  30 

Position  of  mummies,  32 

Rosetta,  the  stone  of,  33 

Salt,  Mr.,  Egyptian  remains  sent  to 

England  by,  25 

Sams  and  Salt,  Messrs.,  their  col- 
lections of  Egyptian  antiquities,  40 

Sarcophagi,   mummies  foimd  in,   31 

Sarcophagus,   Egyptian,  description 

of  one,  35 

Thomson,  Mr.  James,  his  researches 

on  mummy-cloth,  28 

Ure,  Dr.,  his  researches  on  mummy- 
cloth,  28,  29 

Wilkinson,  Mr.,  on  Egyptian  mum- 
mies, 22,  23,  27,  32 

Electricity,  its  agency  in  the  atmosphere, 
132 

new  fact  in,  169 

English  industry  in  scientific  research,  242 
• Language,  the,  a  simple  one,  236 

Names,  adoption  of,  in  science,  240 

Evaporation,  how  influenced,  128 

Importance  of,  in  the  earth,  127 

Spontaneous,  example  of,  12? 

Theory  of,  127 

Vaporization,     and      condensation, 

phenomena  of,  125 

Experiments  on  crystallization,  300 

with  the  hour-glass,  346 

Floriculture  and  shell-collecting,  scientific 

names  in,  238 

Fluorine,  on,  250 

Fossil  ferns,  M.  Giippert  on,  414 

Franklin  Institute,  rej)ort  of,  on  the  ex- 
plosion of  steamJjoilers,  114  to  124 

Freiburg  suspension  bridge,  332 

French  Metre,  MM.  Arago,  Biot,  and 
Puissant,  on,  327 

French  prize  question,  329 

Galeotte,  M.,  on  the  geology  of  Brabant,  18 

Galileo,  and  Harriot,  questions  I'espect- 
ing,  222 

Galy-Cazalat,  M.,  on  the  destruction  of 
steam-boilers,  173 

M.,    his    improvements    in    steam 

carrriages,  73 


Gas  from  peat,  174 

German  Association,  anniversary  of,  73 

Naturalists,  recent  meeting  of,  332 

Genera,  division  of,  in  conchology,  239 

and    species,    advantage    of    under- 
standing, 236 

Geological  Hebrew,  488 

Geology,  a  popular  course  of,    1   to   13, 

223  to  235,  207  to  278,  437  to  447 

Acids,  and  alkalies,  properties  of,  442 

Agriculture  benefited  by,  226 

Architects  and  engineers,  importance 

of  geology  to,  232 

Artesian  wells,  origin  of,  229 

where  successful,  229 

Astronomy,  nearly  a  perfect  science, 

268 
Astronomers  and  geologists,  compa- 
rative conclusions  of,  3,  5 
Astronomy  and  geology,  phenomena 

of,  11,  12 

Astronomy  and  the  Scriptures, ■'26SL    ^LS 

Atomic  weight  of  bodies,  439 

Binary  compounds,  440 

Bodies,  elementary   and  compound, 

list  of,  437,  438 
Bridgewater  Treatise,  by  Dr.  Buck- 
land,  270,  271,  274 

Britain,  extinct  animals  of,  9 

Bu^pkland,   Dr.,  on  the  consistency 

of    geological    discoveries    with   sacred 

history,  271 

Buckland,  Dr.,  on  the  creation,  270 

Buckland,  Dr.,  on  the  Mosaic  deluge, 

274 

Burnet,  Whiston,  and  Buffon,  277 

Carboniferous  limestone  in  England, 

223 

Chain  of  being,  one  great,  13 

Chemical  combination,  laws  of,  439 

Chemical  nomenclature,  Di'.  Turner 

on,  440,  441,  442 
Chemist     and     mineralogist,     their 

respective  studies,  444 
Coal-measures  ,of    England     and 

Scotland,  224 

Coal,  nature  and  uses  of,  224 

Coal,  searches  for,  224 

Copper  in  England  and  Wales,  225 

Creation,  time  occupied  in  the,  269 

Crust  of  the  earth,  ingredients  of, 

445 
Cuvier,  on  the  recent  origin  of  man, 

269 

Definitions  of,  2 

Deluge    of   the  Scriptures,   and  of 

geology,  272 

Deluge,  evidences  of  the,  271,  272 

Deluge,  Noachian,  not  the  only  one, 

273 

Diluvial  gravel,  272,  276 

Diluvial  theory,  the  new,  272 

De  Luc,  Dr.  Buckland,  and  Cuvier 

on,  272 

Dip    or  inclination,  and   faults   of 

I      strata,  228 
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Geology,  a  popular  Course  of  (cont.) 

Discoveries,  not  opposed   to  sacred 

history.  267 

Earth,  antiquity  of  the,  27C 

Earth,  crust  and  interior  of  the,  5 

Ecoles  des  Mines,    advantages  of, 

226 

■ Elk  of  Ireland,  the  great  fossil,  9 

England  beneath  the  sea,  1 1 

Essex  clayey  lands,  improvement  of, 

227 
Evidence    and   probabilities,   geolo- 
gical, 233 

Fishes,  non-existence  of,  disproved,  7 

Flints,  chert  and  granite,  on  roads, 

230 

Genesis,  first  verse  of,  interpreted, 

270 

Genesis   reconciled    with   geological 

phenomena,  270 

Geological  excursions,  delights  of,  223 

Geological  Society  of  London,  value 

of  their  Transactions,  2 

Geologist,  acquiriements  of  one,  1 

Geologist,    personal    adventures    of 

one,  234 

Gold,  platinum,  and  diamonds,  where 

found,  223 

Granite,  analysis  of,  443 

History  of  the  science   277 

• Ichthyosaurus  and  plesiosaurus,  fossil 

remains  of  the,  8,  13 

Infancy  of  geology,  269 

Inorganic  world,  changes  in  the,  10 

Introduction,  1 

Iron  a  precious  metal,  223 

Lancashire  and  Cheshire,  improve- 
ment of  the  roads  in,  231 

• Land  and  sea,  changes  of,  6,  10 

Leading  facts  of,  3 

London  basin,  stratification  of,  229 

London  buildings,  decay  of  some,  232 

— —  London  Geological  Society  formed, 
278 

London,  roads  round,  improvements 

of,  230 

Lyell,  Mr.,  on  the  Mosaic  deluge, 

275 

Mammalia,  extinct  genera  of,  8 

Mammalia,  marine  and  terrestrial, 

remains  of,  7 

Man,  fossil  remains  of,  9 

Man,  recent  origin  of,  269 

Marble,  or  carbonate  of  lime,  442 

Marine  remains,  first  discovery  of, 

571 
Materials  of  which  rocks  are  com- 
posed, 437  to  445 

Mathematics,    practical    illustration 

of,  233 

Metals,  characters  of,  438 

Mineral  deposits,  guides  to,  225 

——  Minerals,  distribution  of,  223 

Minerals,   properties    and  chemical 

analysis  of,  439,  442,  443 
Minerals,  simple,  442 


Geology,  a  popular  Course  of  (cont.) 

Mineral  manures,  227 

Mineral  veins,  nature  and  study  of, 

225 

Miners  and  mine-agents,  importance 

of  geology  to,  225 

Monkeys,    fossil     i-emains     of,     not 

found,  9 

Mosaic  geology,  the,  269 

Mountain-chains  of  Europe,    eleva- 
tion of,  273 

Murchison's  anniversary  address  to 

the  Geological  Society,  2 

Nitrogen,     chlorine,    and     fluorine, 

properties  of,  446 

Norfolk  and  Suffolk,  improvement  of 

roads  in,  227 

Organic    life,    progressive    developc- 

ment  of,   10 

Organic  remains,  4,  6,  13 

Organized  bodies,  classification  of,  12 

Oxygen  and  hydrogen,  properties  of, 

445 

Pachydermata,  remains  of,  13 

Paris  basin,  extinct  animals  of,  272 

Phenomena,  natural,  in  the   Scrip- 
tures, 268 

Phillips,  Professor,  on  the  history  of 

geology,  278 

Ponderables  and  imponderables,  437 

Practical  advantages  of,  232 

Principles  of  geology,  by  Mr.  Lyell, 

quoted,  276 

Recent  progress  of,  278 

Roads,  improvement  of,  230 

Sand,  clay,  and  gravel,  strata  of,  on 

chalk,  227 

Sandstone,  decay  of,  232 

Saurians,  fossil  remains  of,  8 

Second  to  astronomy,  223 

Sedgwick,  Professor,  his  anniversary 

address,  10,  11 

Sedgwick,  Professor,  on  the  Noachian 

Deluge,  273 

Shells,  marine,  at  great  heights,  277 

Smith  and  Cuvier,  278 

Soils,  nature   and    improvement  of, 

226 

Strata,  dip  of,  231 

Stratification,     importance    of     the 

knowledge  of,  228 

Sun,  creation  of  the,  269 

Tin,  copper,  and  lead,  in  England,  223 

Vegetable  remains,  C 

Volcanoes,   extinct,   older    than  the 

historic  deluge,  273 

Universe,  creation  of  the,  270 

Weald  of  Kent,  fossil  remains  in,  7 

Werner  and  Hutton,  277 

Werner,     Smith,    and    Cuvier,    on 

organic  remains,  272 

Wonders  of  geology,  their  novelty, 

276 
Geology  of  Antwerp,  18 

,  State  of,  in  Belgium,  63 

And  the  Holy  Scriptures,  465  to  468 
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Geometry,  Descriptive,  an  elementary 
Course  of,  302  to  310 

Algebra,    analysis    of    the    French 

(note),  306 

Analytical,  of  the  French  ('M0<e^,306 

Connected    with    building,    French 

works  on,  304 

Of  co-ordinates,  306 

Day,  interpretation  of  the  term,  269 

England  without  a  work  on,  305 

Few  persons  acquainted  with,  303 

Freemasons  and  gothic  architecture 

304 

Fundamental  principles  and  defini- 
tions, modes  of  representation  and  no- 
tation, 306  to  310 

Geomelrie  Descriptive,  by  M.  Monge, 

302 

In  Germany,  Italy,  and  Russia,  305 

Given,      the    word,     meanings     of 

Cnolej,  307 

Greece,  Egj'pt,  and  India,  architec- 
ture of,  304 

Higher  branches,  importance  of,  303 

Historical  notice  of,  302  to  306 

Hutton's    Course    of   Mathematics 

(note),  308 

Mathematicians  geometers,  306 

Military  problem  of  defilement,  305 

Monge,  M.,  on  the  geometry  of  space, 

305 

Works  on,  in  America,  302 

Works   on,    by    Hachette,    Valine, 

Leroy,  and  Dupin,  305 

Germany,  rail-road  mania  in,  174 

Geysers,  temperature  of  the,  494 

Gill,  Professor,  his  Mathematifcal  Miscel- 
lany, 296 

Globes,  perfection  of,  54 

Goethe,  and  De  Candolle,  486 

Greek  and  Latin  languages,  desire  to  dis- 
pense with,  235 

Grenelle,  bored  well  at,  409 

Griffiths,  Mr.  T.,  his  remarks  on  crystal- 
lization, 299 

Grunden  Lake,  visit  to  the,  14 

Hail,  formation  of,  131 

Hard  words,  pedantry  of,  238 

Heat,  polarization  of,  321  ' 

Properties  of,  126 

Radiation  of,  130 

Separation  of,  from  gases,  127 

Hebrew,  geological,  488 

Hoar-frost,  formation  of,  131 

Honour  due,  and  granted,  483 

Hour-glass,  philosophy  of  the,  346 

Human  race,  singular  employment  of  the, 
246 

Huttonian  theory  of  rain  controverted,  331 

Hygiene,  or  the  preservation  of  health,  408 

Iceland,  mirage  in,  487 

Ignorance,  blissful,  328 

Ignorance  in  past  ages,  125 

Infants,  still-born,  proportion  of,  484 

Ink,  indelible  writuig,  407 

Ink,  to  prevent  becoming  mouldy,  74 


Instan  taneouslightSjpopular  account  of,203 

Godfrey     Hanckwitz,     phosphorus 

manufactured  by,  203 

Hombcrg's  pyrophorus,  204 

Hertner's  eupyrion,  206 

Instantaneous  light  machine,  204 

Light  syringe,  204 

Lucifers,  207 

Oxy muriate  matches,  205 

Phosphoric  tapers,  203 

Phosphorus  boxes,  205,  206 

Phosphorus,  discovery  of,  203 

Phosphorus,    modes     of    procuring 

light  from,  203 

Platina     spongiform     machine,    by 

Dobereiner,  207 

Pneumatic  tinder-box,  204 

Prometheans,  207 

Pyrophori,  or  fire-bearers,  203    ■ 

Volta's  inflammable  air  lamp,  204 

Self-illuminating  lamp,  207 

Volta-electric  light,  204 

Instruments,  circular,  paradox  in  graduat- 
ing, 484 
Iron  beams,  experiments  on  the  strength 
of,  192  to  202 

Best  form  of,  193,  194,  201 

Castings  of  the  best  construction,  192 

Castings,  stiffness  of,  200,  201 

Comparison  of  different  castings,  192 

to  200 

Compression  of,  illustrated,  192 

Elasticity  and  flexibility,  202 

Fairbairn  and  Lillie,  their  construc- 
tion, 199 
Hodgkinson,    Mr.    E.,    his   experi- 
ments, 192,  193,  202 

Rennie,  Mr.,  his  experipaents,  193 

Resistances,  192,  193 

Rupture,  form  of,  198 

Strength  gained,  195,  199 

Tables  of  strength,  197,  198,  201 

Tredgold,  Mr.,  on,  197 

Iron   Steam-boat,   magnetic   experiments 

in,  447  to  451 
Iron,  stereotype  plates  of,  73 
Ischil,  the  salt-mountains  of,   14 
Kickx,  M.,  on  the  geology  of  Belgium,  68 
Kremlin  bell,  lifting  of  the,  406 
Ladies'  and  Gentlemen's  Diaries,  the,  296 
Lady,  valuable  donation  by,  to  a  scientific 

institution,  169 
Levy,  M.,  on  the  geology  of  Belgium,  66 
Leybourn,    Professor,    his  Mathematical 

Repository,  297 
Light,  immutable  nature  of,  326 
Light,  indefinitely  produced,  414 
London,  temperature  of,  in  1835,  169 
London  University,  charter  of,  479  to  482 
Louvain,  the  ancient  University  of,  61 
Lunar  influence  on  the  weather,  174 
Lunarium,  a  rational  one  described,  53 

To  construct,  55 

Magnetical  experiments  on  board  an  iron 

steam-boat,  report  of,  447  to  455 
Barlow's  correcting  plate,  447 
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Magnetical  experiments  (cont.) 

Compass,  safety  of  the,  454 

Diagrams  of  the  circumstances,  453 

Garryowen,  iron  steam-boat,  the,  448 

Iron  steam-boats,  447 

Iron  steam-boats,  danger  from,  445 

Johnson,  Captain,  447 

Local  attraction,  correction  of,  454 

Magnets,  permanent,  a  magazine  of, 

454 

Object  of,  450 

Observations,  table  of,  451 

Observations,  result  of,  452 

Magnetic  needle,    vibrations  of  the, 

244 

Mail  coaches,  new,  their  cost,  performance, 
&c.,  72 

Mann,  the  Abbe,  his  meteorological  obser- 
vations, 61 

Mathematical  Miscellany,  the,  analysis  of, 
29G 

Mathematicians,  eminent  English,  297 

Mathematics,  on  the  study  of,  81 

Arago,  M.,  character  of,  96 

Berkeley  on,  86,  88 

Bernoullis,  the  two,  hostility  of,  96 

Bridgewater  Treatises,  mathematical 

reasoning  in  the,  90 

at  Cambridge  and   Oxford  Univer- 
sities, 87 

Cambridge     University,    prizes    at 

(note),  88 

Carnot,  bravery  of,  96 

Chevallier,   Professor,  on  the  study 

of,  85,  87,  94 

Clarendon  on,  89 

Condorcet,  M.,  reputation  of,  96 

D'Alembert  on,  88 

D'Alembert,  M.,  character  of,  96 

Delambre  on,  89 

Digby,  Sir  Kenelm,  on,  89 

EdinbiirghReview  and  Mr.Whewell, 

controversy  between,  81 

French  mathematiciaus,celebrated,96 

and  Geometry,  91 

— —  Germans,    the,     on     mathematical 
studies,  95 

Gibbon  averse  to,  90 

Herschel,  Sir  John,  on,  92 

' Judgment,  improvement  of  the,  97 

Le  Clerc  on,  89 

Lead  to  the  culture  of  other  sciences, 

91 

Limitation  of,  84,  85 

Locke  on,  93 

And  logic,  studies  of,  82,  83 

And  logic,  analogy  of,  86 

Mathematical     reasoning    charac- 
terized, 92 

■ Mathematician,  aim  of  the,  92 

Mathematicians,  celebrated,  on  light, 

heat,  magnetism,  &c.,  92 

' Mechanics,  a  branch  of  pure  mathe- 
matics, 83 

Metaphysicians,  celebrated,  not  ma- 
thematicians, 95 


Mathematics,  on  the  study  of  (cont.) 

Newton  and   P'lamsteed,  differences 

between  (note),  96 

Opinionists,  hostilities  of,  96 

Phenomena,     natural,    observations 

upon,  85 

Physics  and  ethics,  86 

Pure  and  mixed,  distinction  between, 

85 
— -  Savans  of  Paris,  pre-eminence  of,  97 

Simeonism  at  Cambridge,  94 

Stewart,  Mr.   Dugald,    on  the   ten- 
dency of,  94,  95 

Study,  selection  of  subjects  for,  83 

Sulat,  J.,  on,  93 

Thought,    deductive    and  inductive 

liabits  of,  94 

Turton,  Dr.,  on,  90 

Warburton  against,  91 

Warburton  on  logic,  87 

Whately,  Archbishop,  on  logic,  87 

Whe  well's  Bridgewater  Ti-eatise,  91 

Whewell,  Mr.,  his  pamphlet  on,  81, 

82,  83 

Woodhousc,  the  late  R.,  on,  90 

Matter,  important  properties  of,  125 
Mechanics'  Institution,  Parisian,  408 
Medico-Botanical  Society,  Earl  Stanhoi)e'3 

address  to,  410,  412 
Mediterranean  bottom,  rise  of,  411 
Medallic  art,  prostitution  of  the,  73 
Melloni,  M.,  on  the  Spectrum,  485 
Mercury  frozen,  494 

Meteorological  Journals,  kept  at    Black- 
heath  Road  : 
June,  80 
July,  176 
August,  256 
September,  336 
October,  415 
November,  496 
Meteorological    Phenomena,    notices    of 

some,  129 
Metre,  French,  error  in  the,  326 
Mind,  culture  of  the,  for  scientific  studies, 

125 
Mineralogy,  professorships  of,  in  Belgium, 

65 
Mineralogy  of  the  environs  of  Brussels,  64 
Mirage  in  Iceland,  487 
Mists,  or  fogs,  how  formed,  131 
Moren,  M.,  on  fossil  bones  in  Belgium,  67 
Mummies,  Egyptian,    description  of  (see 
Egyptian  mummies,) 

Unrolling  of  one  described,  17  to  40 

Nation,  welfare  of,  convenient  numerical 

expression  of,  248 
Natural  phenomena,  observance  of,  248 
Naturalists,  German,  recent  meeting  of, 

332 
Naturalists,  gratuitous.in8titution  for,  170 
Navigation,  application  of  science  to,  329 
Newcastle,  waste  of  gas  at  (note),  408 
Nomenclature  of  comets,  483 

scientific,  terms  in,  235 

Normandy,  statistical  association  of,  169 
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Omaliiis,  M.  de,  on  the  geology  of  Bel- 
gium, 64,  66,  68 

his  works  on  geology,  66 

Orreries,  their  imperfections,  53 

Orrery,  Sir  J.  Herschel's  receipt   for,    55 

Oxygen,  consumption  of,  in  burning  wood, 

321 
Organized  beings,  new  link  between,  243 
Palatinate  Meteorological  Society  at  Man- 

hciin,  61 
Paradox  in   graduating    circular    instru- 
ments, 484 
Parisian  Mechanics'  Institution,  408 
Patents'-law,  American,  clerical  error  in, 

334 
Patent-law    improvement,     British     and 

American  bills  for,  74 

Grievance,  78, 175, 253,  334, 414,  494 

Improvement  bill,  166 

Suggested  reform  of,  166 

Patents,  English,  new,  sealed  and  granted : 

Juno,  ^9 

July,  79 
August,  175 
September,  253,  335 
October,  335,  415 
November,  415,  494 
December,  494 
Patents,  number  of,  in  theUnited States,  77 
Patriotism,  passive,  491 
Peat,  gas  from,  174 
Pelouse,  M.,  on  Liebig's  mode  of  preparing 

malleable  platinum,  488 
Peltier,  M.,  on  the  electricity  of  clouds,  491 
Pettigrew,   Mr.,  his  account  of  unrolling 

an  Egyptian  mummy,  17  to  40 
Philosophy,  the  blessings  of,  125 
Philanthropic  deposit,  325 
Philosophical  Transactions,  1836,  part  1, 

analysis  of,  209  to  220 
Aurora  Borealis,    memorandum  on, 

by  Mr.  C.  C.  Christie,  210 
Chile,  great   earthquake ,  in,  by  Mr. 

Caldcleugh,  209,  279,  284 
Crystalline   lens  of  animals,  by  Sir 

D.  Brewster,  211 
Integral  calculus,  researches  on  the, 

by  Mr.  H.  F.  Talbot,  218 
Light,  action  of  on  plants,  and  plants 

upon  the  atmosphere,  by  Dr.  Daubeny, 

216 
Shell,  artificial  substance  resembling, 

by  Mr.  L.  Horner  and  Sir  D.  Brewster, 

214 
Terrestrial  magnetism,  by  Mr.  T.  S. 

Davies,  215 
Tides,  Messrs.   Whewell   and   Lub- 
bock on,  209 
Voltaic    combination,    by   Professor 

Daniell,  217 
Phosphorescence  of  decayed  wood,  245 
Physical  science,  active  culture  of,  126 
Physician,  not  necessarily  an  M.D.,  168 
Physicien,  application  of  the  term  (note), 

298 
Physics,  new  term  in,  244 


Pigott,  Mr.,  his  astronomical  observations, 

61 
Planetaria,  their  imperfections,  53 
Plants,  number  of  British  species  of,  409 
Platinum,  extemporaneous  malleable,  488 
Poisoning,  on  the  prevention  and  detection 

of,  371  to  380 
Adipoccre,  formation  of,  by  poison- 
ing with  red  arsenic,  377 
Arsenic,    apparatus   for    separatmg 

from  food,  372 
Arsenic,  Mr.  J.  Marsh  on  separating, 

371 

Arsenic,  red,  poisoning  by,  377 

Arsenical  poisons,  Mr.  Herapath  on, 

377 
— -  Arsenuretted    hydrogen,     formation 

of,  378 

Burdock  case,  the,  377 

Chevalier,  and  Boys  de  Loury,  MM. 

on  accidental  poisoning  by  arsenic,  380 

Ednoy,  Sophia,  ease  of,  at  Taunton,379 

Gas  from  arsenic,  372 

Herapath,  Mr.,  his  mode  of  experi- 
menting, 379 
Microscopic  test,  by  Dr.  Wollaston, 

378 
Reddening  process,  by  Dr.  Christi- 

son,  378 
Zinc,  importance  of  the  purity  of, 

376,  379 
Public  instruction,  British, omissions  in,408 
Questions  in  scientific  history  set  at  rest, 

221 

for  solution.   See  Arago. 

Quetelet,  M.,  his  Report   on  Science   in 

Belgium,  58  to  69 
Railroad  bills  passed,  1836,  78,  251 

From  Cairo  to  Suez,  78 

Mania  in  Germany,  174 

Rain,  formation  of,  131 

Huttonian  theory  of,  controverted,331 

Water    returning    to    the    sea,    M. 

Ai'ago  on,  326 
Roots  of  scientific  terms,  236 
Rough  diagrams,  representation  of  spheri- 
cal figures  on,  241 
Russian  government,  scientific  survey  by 

order  of  the,  487 
Sahara,  African  desert,  recent  account  of, 

330 
Salt-mining,  process  described,  15 

Mountain  of  Isehil,  visit  to,  14 

Sand,  extraordinary  resistance  of,  348 

Fall  of,  347  "  • 

In  the  hour-glass,  equable  flow  of,  346 

Schmerling,    M.,   on  the  fossil  bones   of 

Liege,  66 
Scientific  knowledge,  true,  125 
Scientific  nomenclature,  Greek  and  Latin 

terms  in,  235 
Scientific  names,  advantages  of,  237 
Sea,  height  of  the  waves  at,  490 

Mean  level  of  the,  405 

Shakspeare's  Cliff,  Dovor,   samphire  on, 

112 
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Signs  of  Multiplication,  Division,  &c.,  220 

Derivation  of,  220,  222 

Sign  of  equality,  221,  222 

Sign  of  infinity,  221,  222 

Symbol  of  division,  221 

Symbols  of  greater  and  less,  221 

• Symbol  of  multiplication,  220 

Symbol  of  a  root,  222 

Snow,  formation  of,  131 

Solar  rays,  intensity  of  the,  490 

Somcrville,  Mrs.,  on  the  spectrum,  485 

Space,  temperature  of,  321 

Spectrum,  chemical  rays  of  the,  485 

Spherical  figures,  on  the  rough  diagrams 

representing,  241 
State,  the,  assisted  by  science,  492 
Steam-boilers,  prevention  of  explosion  in, 
114 

Academy  of  Sciences  at  Paris,  steam 

experiments  by,  124 

A])paratus  for  experiments,  117 

Bursting  of  cylinders,  121 

Deposits  in  boilers,  effect  of,  123 

Fluids  permanently   elastic,    in   an 

intensely  heated  boiler,  121 

Fusible  metal  plates  for,  119 

Klaproth's  experiments,  117,  119 

Perkins's  repulsion  experiment,   121 

Relieving  water  from  pressure,  117 

Safety-valve,  loaded  and  stationary, 

123 

Steam,  elastic  force  of,  on  working 

pressures,  123 

Steam,    pressures  and    tensions   of, 

table  of,  124 

Steam,  surcharged  and  unsaturated, 

117,  118 

Vaporization,  laws  of,  120 

Water    converted    into    steam,    by 

highly  heated  metal,  117,  119 

Efficiency  of  fusible  discs  on,  484 

Table  of  the  destruction  of,  173 

Steamfrom  the  tea-kettle, philosophy  of,128 
Steam-carriages,  on  coumion    roads,   im- 
provements in,  73 
Steam-engine  horse-power,  322 
Stereotype-plates  of  iron,  73 
Still-born  infants,  proportion  of,  484 
Summer,  hail  formed  in,  131 
Surveying-instruments,  new,  320 
Survey,  scientific,  by  order  of  the  Russian 

government,  487 
Suspension-bridge,  Freiburg,  332 
Tachymeter,  invention  of  the,  489 
Taxidermy,  new  solution  for,  172 
Temperature    of    the  human  body,  great 

variation  of,  242 
Technical  words  in  the  arts,  240 
Theodolite,    new,   for    surveying    under- 
ground, 329 
Thermometer  indicating  mean    tempera- 
ture, 406 
Tide,  the,  a  true  barometer,  405 
Torpedo,  visible  sparks  from  the,  250 


Transactions  of  the  Royal  Astronomical 
Societv,  vol.  ix.,  concluding  part,  ana- 
lysis of,  397  to  403 

Astronomical  observations,  402 

Double  stars,  sixth   catalogue  of,  by 

Sir  John  Herschel,  400 

Ecliptic,  position  of  the,  by  Mr.  Airy, 

398 

Greenwich  Observatory,  instruments 

at,  by  Mr.  Rigaud,  401 

HalJey's  Comet,  observations  on,  by 

Capt.  W.  H.  Smythe,  402 

Jupiter,  on  the  time  of  rotation  of, 

by  Mr.  Airy,  397 

Jupiter's   mass,   value   of,   by   Mr. 

Airy,  398 

Kepler's   problem   by    the  ^angular 

calculus,  solutions  of,  by  Mr.  W,  Wal- 
lace, 399 

Mural  circle,  at  the  Armagh  Obser- 
vatory, described,  by  Dr.  T.  R.  Robin- 
son, 399 

Standard  scale  of    the   Society,  by 

Mr.  Baily,  399 

Tripoli  stone,  organic  origin  of,  247 

Van  Breda  and  Van  Hees,  MM.,  on  the 
geology  of  Belgium,  66 

Van  Swinden,  M.,  his  meteorological  ob- 
servations, 62 

Vandermaclen,  M.  Philippe,  his  services 
to  geology,  67 

Vapour,  aqueous,  how  condensed  in  the 
atmosphere,  130,  131 

or  steam  of  water,  when    dry  and 

invisible,  128 

and  gases,  distinction  of,  126 

of  saline  solutions  and  of  water,  243 

Vaporization,  example  of,  127 
Vegetation,  how  refreshed,  130 
Veratria,  on,  245 
Vernacular    names,    preference     of,     in 

science,  239 
Virlet,  M.,  on  diamond-making,  413 
Volcanic  eruption  of  Coseguina,  in  the  bay 
of  Fonseca,  284 

seen  from  San  Antonio,  285 

United  States,  amount  and  annual  average 

of  i)atents  in,  77 
Government,  report  to,  on  the  explo- 
sion of  steam-boilers,  114  to  124 

Letters-patent  Bill,  abstract  of,  76, 

251 
University  of  London,  charter  of,  479  to  482 
Warwick  Vase,  bronze  original  of  the,  169 
Water  always  suspended  in  air,  129 

Habits  and  properties  of,  127 

Motion  of  on  heated  surfaces,  488 

Waves  at  sea,  height  of,  490 
Weed-sea,  Mar  de  Sargasso,  490 
Wells,  bored,  or  Artesian,  174 

bored,  at  Grenelle,  409 

Wire  a  bad  nucleus  for  crystals,  301 
Writing  Ink,  indelible,  407 
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